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ABSTRACT 
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This experimental curriculum bulletin, Applied Physics Laboratoiy, 
has beesn developed and tried out dtiring the past several years. It is a 
course utilizing 91 experiments which may be approached on the basis of 
individualized instruction using laboratory experimental pupil material 
and equipment designed and built in. the school. 

This program is designed primarily ibr twelfth year stridents who 
have completed adequate programs in mathematics and science. 

We urge the principals of all high schools to consider this 
program for the current school year. Your comments, suggestions and 
evaluations are welcome. Would you send these to this office by 
May 1, 1970. 
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PART - I 



APPLIED PHYSICS MB0RA7;0RY 



This experimental curriculum bulletin for students in science programs in 
the high schools has been under development for a number of years. It has been 
Supported by the Bureau of Curriculum Development, Dr. David A. Abramson, Acting 
Director, in cooperation with the staff of Aviation High School, Frank Woehr, 
Principal. Dr. Seellg Lester, Deputy Superintendent for Instructional Services 
provided overall supervision of the curriculum development program. 

John Nick, teacher of science, at Aviation High School was the principal 
writer of these materials. Mr. Nick developed the program and, with the 
encouragement and cooperation of the staff, made various modifications during 
the experimental period. Dr, Daniel A. Salmon, Acting Assistant Director, 
Bureau of Curriculum Development served as coordinator of -this program. 

High schools with advanced science programs are urged to try out these 
materials. Pupils who have completed the regular physic courses can benefit 
from the unique organization of this plan which makes use of 91 discrete 
experiments, each requiring simple laboratory materials readily produced in 
the school. 



- INrHODuC'T 1 ON 

PRELIMINARY REIdARES 

The Applied Physics Laboratory began in 1967 as a cooperative venture 
of the Bureau of Curriculum Development and Aviation High School# Since 
then the curriculum progressed to its present form while simultaneously 
being offered. for throe consecutive spring semesters to high school seniors 
, who, with few exceptions,, have completed the usual year of high school 
physics and have aspirations for higher education* 

As presently conceived, the course is built upon a nucleus of ninety- 
one experiments. By design, each experiment includes sub-experiments 
which promote a sense of accomplishment and satisfaction without the 
necessity for completing the entire experiment. Every effort has been 
ma.de to have experimentation develop smoothly and efficiently without 
creating the bogus impression that laboratory v/ork always proceeds v;ith 
assembly line raonotsny toward the successful conclusion* The student 
typically leaves the laboratory feeling that he has mastered some, but not 
all," of the problem and in the process acquires that healthy sense of 
frustration which acts as a. spur for subsequent effort# 

A large refeaence 1 i b r a r.v. 1 o cat e ^ -i ^ 
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APPLIED PHYSICS MBORATOPY 



This experimental curriculum bulletin for students in science programs in 
the high schools has been under development for a number of years. It has been 
supported by the Bureau of Curriculum Development, Dr> David A. Abramson, Acting 
Director, in cooperation X7ith the staff of Aviation High School, Franlc Woehr, 
Principal. Dr. Seelig Lester, Deputy Superintendent for Instructional Services 
provided overall supervision of the curriculum development program. 

John Nick, teacher of science, at Aviation High School was the principal 
writer of these materials. Mr. Nick developed the program and, with the 
encouragement and cooperation of the staff, made various modifications during 
the experimental period. Dr. Daniel A. Salmon, Acting Assistant Director, 
Bureau of Curriculum Development served as coordinator of ‘this program. 

High schools with advanced science programs are urged to try out these 
materials. Pupils who have completed the regular physic courses can benefit 
from the unique organization of this plan which makes use of 91 discrete 
experiments, each requiring simple laboratory materials readily produced in 
the school. 



' INTHODUCT i OW 

PRELIMINARY SEMilRKS 

The Applied Physics Laboratory began in 1967 as a coopei’ative venture 
of the .Bureau of Curriculum Development and Aviatiou High School* Since 
then the curriculum progressed to its present form while simultaneously 
being offered. for throe consecutive spring semesters to high school seniors 
who, with few exceptions, have completed the usual year of high school 
physics and have aspirations for higher education* 

As presently conceived, the course is built upon a nucleus of ninety- 
one experiments* By design, each experiment includes sub-experiments 
which promote a sense of accomplishment and satisfaction Without the 
necessity for completing the entire experiment. Every effort has been 
made to have experimentation develop smoothly and efficiently withoixt 
creating the bogus impression that laboratory work always proceeds v/ith 
assembly line monotony toward the successful coiiclusion* The student 
typically leaves the laboratory feeling that he has mastered some, but not 
all, of the problem and in the process acquires that healthy sense of 
frustration which acts as a spur for subsequent effort* 

A large reference library located directly in the laboratory plays a 
central role in APL curriculum philosophy. Practically all of theexperi- 
ments require student research in the readily available reference materials 
before experimentation can proceed successfully. 

Apparatus is usually set up according to specifications but enough 
novelty remains to challenge student ability and imagination. A cursory 
examination of the annotated list of experiments reveals ample opportunity 
for team and individual initiative. Data recorded in appropriate tables 
is examined for significant structure and graphed to reveal the mathemati- 
cal order behind the phenomena. During each experiment, a preliminary 
report including sketches, procedures, tab3;^s, calculations, graphs, 
references, and conclusions is prepared. The adequacy of the preliminary 
report is determined by the extent to which it facilitates the completion 
of a finished report. 



z 

AN ANNOTATED LIST OF EXPERIMENTS 

Ex p» /A Review physics via film strips. Especially effective for 
teams requiring a refresher in some aspect of physics. 

Exp. //^2 An examination of the litex’ature. Typically the first step in 
any research. 

Exp. #3 An opportunity to peer beyond the classroom and make distant 
measurements using parallax and a split rangefinder*. 

Exp, /jik Involves indirect measurements emphasizing the measurement of 
many objects to reduce the error in approximating the dimensions of 
one. Determining the volume of a drop of water and measuring the 
thickriess of a sheet of paper with a meter stick arouse a new intex’est 
in measurement. ' 

Exp, Approximate areas using graph paper, formulas, and the proportion 

ality of mass and area. Draws attention to the calculus* 

Exp* #6 Approximate volumes using displacement, formulas, and the 
proportionality of mass and volume. 

Exp. #7 Determine the densities of regular and irregular objects using 
mass measurements, and volume formulas and displacements. Critically 
compare techniques. Identify liquids via density. 

Exp, i^8 Determine the densities of liquids and the densities of ix-regu- 
iar objects lighter than water. Identify liquids via density. 

. Determine density of liquid sealed in black box container. 

Exp. :-^ 9 Make direct and indirect time measurements. Use easily timed 
rotation of a phonograph to measure a free fall involving a. small 
fraction of a second. 

Exp. ji^lO Make a simple but workable vernier and then justify the 
theory involved. 

Exp. #11 Line up plate edge parallel to a surface plate using a dial 
indicator. Locate hole centers using plug gauges; vernier height 
gauge, dial indicator, angle plate and surface plate* .Students devise 
method for checlcing slot width and location. 

Exp. ^.12 Measure molecule length using parabolic light sha.dow aiid graph 
paper (Exp. #5) to estimate oil film area, and many drops of a 
solution to estimate oil volume (Exp. #4). 

Exp* ^13 Experimentally develop equation for ellipse area using tilted 
circle, parabolic light, and graphically determined constant of 
proportionality* 

Exp. Experwnentally examine factors in pendulum period. 

Exp. Consider Foucault pendulum as evidence of earth's rotation. 

Critically examine Galileo’s evidence for rotation of earth. 

Exp. i^l6 Develop a simple table of logarithms using arithmetic. Construct 
and test elide rule 1 meter long. 

. Exp. An intrbdixction to or review of slide rule operations: multipli- 

.cation, division, squaring, square root extraction, cube root extrac- 
tion, logarithms and higher roots, simple trig functions, and applies- 
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Exp. 0^2. An examination of the lltex'ature. Typically the first step in 
any research. 

Exp. 7^5 An oppox*tunity to peer beyond the classroom and make distant 
measurements using parallax and a split rangefinder*. 

E xp, jjh Ixxvolves indirect measui'ements emphasizing the measurement of 
many objects to reduce the error in approximating the dimensions of 
one. Determining the volume of a drop of water and measuring the 
thicilmess of a sheet of paper with a meter stick arouse a new intex-est 
in measurement. 

E.xp» Approximate areas using graph paper, formulas, and the proportion-, 

ality of mass and area. Draws attention to the calculus* 

Exp. Approximate volumes using displacement, formuleus, and the 

proportionality of mass and volume. 

Exp. ifn Determine the densities of regular and irregular objects using 
mass measurements, and volume formulas and displacements. Critically 
compare techniques. Identify liquids via density. 

Exp, Determine the densities of liquids and the densities of irregu- 

lar objects lighter than water. Identify liquids via density. 

Determine density of liquid sealed in black box container. 

Exp. Make direct and indirect time measurements. Use easily timed 

rotation of a phonograph to measure a free fall involving a. small 
fraction of a second. 

Exp. ifLO Make a simple but workable vernier and then justify the 
theory involved. 

Exp. #11 Line up plate edge parallel to a surface plate using a dial 
indicator. Locate hole centers using plug gauges, vernier height- 
gauge, dial indicator, angle plate and surface plate. .Students devise 
method for che citing slot width and location. 

Exp. #12 Measure molecule length using parabolic light shadow and graph 
paper (Exp. #5) tc estimate oil film area, and many drops of a 
solution to estimate oil volume (Exp. #4). 

Exp* Experimentally develop equation for ellipse area using tilted 

circle, parabolic light, and graphically determined constant of 
proportionality. 

Exp. Experiiuentally examine factors in pendulum period. 

Exp. #1^ Consider Foucault pendulum as evidence of earth's rotation. 
Critically examine Galileo's evidence for rotation of earth. 

Exp . i^l6 Develop a simple table of logarithms using arithmetic. Construct 
■ and test slide rule 1 meter long. 

Exp . 7^1? An introduction to or review of slide rule operations: multipli- 

cation, division, squaring, square root extraction, cube root extrac- 
tion, logarithms and higher roots, simple trig functions, and applica- 
tion of the laws of sines and cosines* After this experiment, students 
find it exepeditious to use slide rule for computations. 

Exp. 7^18 Use the inclined plane and extrapolation to determine g, the 
acceleration of free fall. 

Exp. 7^19 A first attempt at completing a written report using the prelimi- 
nary data gathered and recorded during a prior experiment* Stresses 
individual effort and achievement. 

Exp. 7^20 Apply extrapolation to the determination of absolute zero. 

Exp. ,i^21 Direct measure free fall time using an electromagnet, spring 

switch, and 0.01 sec. clock. Calculate g, the acceleration of gravity 
and. verify that it ie a constant near' the surface of the earth. 
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Exp , i^22 Experimentally examine pendulum motion using a calibrated 
-timer and tape. Consider instantaneous acceleration via T' vs t and 
a vs t graphs. 



Exp. i^25 Investigate Newton’s 2nd law using Atwood's machine. 



Gompensare for friction. 



Exp 



. #24 Re-examine Newton's 2nd lav/ with cart accelerated along level 
course. Use graph to determine magnitude of frictional forces 



involved. 



Exp. ?$^2$ Probe Hooke’s Law and spring stiffness constants. Measure 



Exp 



loaded beam deflection to 0.001" using electric circuit and bulb to 
eliminate unv/anted loading by micrometer screw. Devise experiment 
for determining rubber band's elasticity. • , 

. #26 Experiment with force vectors and verify that "when a particle 



is acted upon by three forces » the necessary and sufficient condition 
for equilibrium is that the three forces lie in one plane and that 
each force be proportional to the sine of the angle between the 
other two." 



Exp. ;^7 An attempt to experimentally develop F = 



mv® 



Exp. #28 A re-examination of F = 



mv« 



with a vector application. 



Exp. #29 



term. 
Exp. #30 



The last of two finished written reports required for the’ 
Essentially an individual effort. 



Tape timer applied to measuring the velocities, momentums, and 



kinetic energies of carts separated by a spring "explosion." 



Exp. #31 Devise experiment for measuring the acceleration of gravity 
utilizing a pendulum and/or Atwood's machine. 



Exp 



» #3^ Investigate a purportedly general rule used to determine 
pulley IMA. Includes an encounter with "the fool 'a tackle Conaider 



absence of pulleys in human body. 



Exp. #33 Measure coefficients of fi'iction using inclined plane and 



constant speed. 

Exp. #3^ Measure coefficients of friction by a method v/hich avoids the 
necessity for moving objects being tested at constant speed. Students 



are challenged to derive (with hints) the ingenious equation employed. 
Exp. #33 Determine the mechanical advantages of pulley systems, worm 



Exp 



and worm wheel, gear train, differential chain hoist, and screw jack. 
Ascertain the efficiency of each machine using ideal arid actual 
mechanical advantages and also effort magnitude. 

» #36 Relate water head and pressure. Measure atmospheric pressure 
with a bicycle pump. Use bicycle pump to relate air volume and 



air pressure. 



Exp 



> #3 7 Relate air volume and absolute pressure using an unbalanced 
mercury column and mercury under pressure. Critically evaluate the 



equipment and techniques used. 
Exp. #38 The students' favorite. 



Hit falling target v;ith nylon ball 



fired from an air cannon and explain why the projectile v/ill invari- 

nVi*1xr .jiS t> *1 *1 4 M /V. 4.-^^ ^ j - — -- « — « — — ■ — — — 
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Exp« //25 Investigate Newton's 2nd law using Atwood's machine. 

Oomponsato for friction. 

Exp. //2A- Ke-examino Newton's 2nd lav/ with cart accelerated along level 
course. Use graph to determine magnitude of frictional forces 
involved. 

Exp. 7)^2g Probe Hooke's Law and spring stiffness constants. Measure 
loaded beam deflection to 0.001" using electric circuit and bulb to 
eliminate unwanted loading by micrometer screw. Devise expei’iment 
for determining rubber band's elasticity. • . 

Exp. 1^2.6 Experiment with force vectors and verify that "when a particle 
is acted upon by three forces, the necessary and sufficient condition 
for equilibrium is that the three forces lie in one plane and that 
each force be proportional to the sine of the angle between the 
other two." 



Exp. An attempt to experimentally develop F = 



mv‘= 



Exp. A re-examination of F = 






with a vector application. 



5 : 
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Exp. #29 The last of two finished written reports required for the 
terra. Essentially an individual effort. 

Exp. >^50 Tape timer applied to measuring the velocities, momentums, and 
kinetic energies of carts separated by a spring "explosion." 

Exp. i^51 Devise experiment for measuring the acceleration of gravity 
utiTizing a pendulum and/or Atwood's machine. 

Exp. #^2 Investigate a purportedly general rule used to determine 



Includes an encounter with "the fool’s 



pulley IMA- 
absence of pulleys in human body. 



tackle." Consider 



Exp. ,#33 Measure coefficients of fx'iction using inclined plane and 
constant speed. 

Exp. #3^ Measure coefficients of friction by a method v/hich avoids the 
necessity for moving objects being tested at constant speed. Students 
are challenged to derive (with hints) the ingenious equation employed. 

Exp. Determine the mechanical advantages of pulley systems, worm 

and worm wheel, gear train, differential chain hoist, and screw jack. 
Ascertain the efficiency of each machine using Ideal arid actual 
mechanical advantages and also effort magnitude. 

Exp. ^36 Relate water head and pressure. Measure atmospheric pressure 
with a bicycle pump. Use bicycle pump to relate air volume and 
air pressure. 

Exp. 



» #37 Relate air volume and absolute pressure using an unbalanced 
mercury column and mercury under pressure. Critically evaluate the 
equipment aind techniques used. 

Exp. ;^38 The students* favorite. Hit falling target with nylon ball 
fired from an air cannon and explain why the projectile will invari- 
ably hit the falling target, despite variations in muzzle velocity, 
if the projectile is aimed directly at the target before it falls and 
if muzzle velocity is sufficient for the projectile to reach the 
. • falling target. 

Measure muzzle velocity using level gun, range, and h (depth 
projectile falls to reach ground.) Compare calculate air pressure 
with gauge air pressure. - - - — ’ 

Exp. ff=59 Record actual trajectories of sphere leaving launching pad. 
Includes test of physical intuition relating trajectory to that on 
another planet. Students asked to prove projectile path is parabolic. 
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Exp. Examine trajectoTy of ejected water. ^ Measure water velocity 

using? v/ater range and watei' volume, and compare results with Torricellis 
Theorem. Consider Wena contracta' consequences. 

Exp . Utilize constructed manometer to measure gas pressure at 

laboratory jet. Measure pi'essure variations within venturi tube as 
air speed varies. 

Exp. ifkZ Measure wind tunnel air speed with pitot tube and manometer. 

Increase measuremexit sensitivity using tilted tube. 

Derive v = j 2ghd* * from Bernoulli's equation, where d» = liquid density 
J d d = air density 

h =: v/ater height 

• differential 

Exp. Moments applied to calib rating a torque wrench. Apply double 

weighing and derive Wx = JWiV /2 

Exp, Apply moments to locating airplane C.G. Verify ArchimedesU 

"The magnitudes whether commensurable or incommensiirable balance at 
distances reciprocally proportional to the magnitudes." 

Exp. Contrast the mathematical and physical methods of locating 

centers of gravity. Demonstrate that "If a triangle is divided into 
2 parts by a line drawn through the vertex and the center of gravity, 
the two triangles so formed have equal .areas and the line connecting 
their centroids is parallel to the side opposite (the vertex) and is 
one third the length of that side." 

Exp . #k6 Weigh the team's signatures using an analytic balance, the 
method of vibrations, and balance sensitivity. 



Exp. Experimentally examine the velocity, energy, momentum, and 

impulse factors in 'pile driving. ' 

Exp. Expei'imentally investigate the factors in spring vibration. 

Theoretically and experimentally develop _ _ 

Devise method for measuring mass in outer space. 



E 2 !:p. #49 Graphically derive the inverse square law of gravitation for a 
satellite pursuing an elliptical orbit and obeying Newton's and 
Kepler's 2nd laws. 

Exp. #50 Locate satellites in space using a simple rangefinder. Determine, 
the diameters of distanlJ satellites and calculate the position vectors 
between satellites located in space. 

Exp. ^$1 Using a wind tunnel and a lift and drag balance, measure the 
drag offered, by various shapes. 



Exp. #52 Experimentally relate lift, angle of attabk, and relative wind 
speed. . Measure absolute pressures on an airfoil. 

Exp . >^53 Measure resistances with an ohmmeter. Interpret resistor color 
code and categorize resistors according to tolerances. Calibrate 
ohmmeter for accurate measurements using adjustments and standard 
resistances. 



Exp. #5^ 



Hookup series, parallel, and series-parallel circuits. 

and calculate total, resistances using „ R'E" 

1_ 1 1: . Bt =• 

• • • • + W 



Measure 



T?m 



and 



Exp » Utilize constructed manometci* to moaoure gas pressure at 

labox'atory jet* Measure piiqssuro variations within venturi tube ns 
air speed varies. 

Exp* /A2 Measure wind tunnel air speed with pitot tube and manometer. 

, Increase measurement sensitivity using tilted tube* 

Derive v « f 2ghd* from Bernoulli's equation, where d' a liquid density 
J d da air density 

' ha v/ater height 

differential 

Exp* ^43 Moments applied to calib rating a torque wrench* Apply double 
weighing and derive W* = Jw^V/s 

Exp* //kk Apply moments to locating airplane C.G. Verify Archimedes! 

'"The’ magnitudes whether commensurable or incommensurable balance at 

distances reciprocally proportional to the magnitudes." 

Exp* Contrast the mathematical and physical methods of locating 

centers of gravity. Demonstrate that "If a triangle is divided into 
2 parts by a line drawn through the vertex and the center of gravity, 

. the two triangles so formed have equal .areas and the line connecting 
their centroids is parallel to the side opposite (the vertex) and is 
one third the length of that side." 

Exp* #kS Weigli the team's signatures using an analytic balance, the 
method of vibrations, and balance sensitivity. 

Exp* -^k7 Experimentally examine the velocity, energy, momentum, and 
impulse factors in 'pile driving*' 

Exp* Pi-S Experimentally invc'?tigate the factors in spring vibration* 
Theoretically and experimentally develop _ _ fm" 

' Devise method for measuring mass in outer space* 

Exp* ^49 Graphically derive the inverse square law of gravitation for a 
satellite pursuing an elliptical orbit and obeying Newton's and 
Kepler's 2nd laws. 

Exp* ^30 Locate satellites in space using a simple rangefinder. Determine, 
the diameters of distant/- satellites and calculate the position vectors 
between satellites located in space. 

Exp * Using a wind tunnel and -a lift and drag balance, measure the 

drag offered by various shapes. 

Exp* ii-32. Experimentally relate lift, angle of attack, and relative wind 
speed*. Measure absolute pressures on an airfoil* 

Exp* #53 Measure resistances with an ohmmeter. Interpret resistor color 
code and categorize resistors according to tolerances. Calibrate 
ohmmeter for accurate measurements using adjustments and standard 
resistances* 

Exp* Hookup series, parallel, and series-parallel circuits. Measure 

' and calculate total resistances using „ R., „ R»R" 

1 11 1 % = Krp = and 

= r7 + ^ ^ 

• . Experimentally examine the relationship between voltage and 

current in a simple circuit* 

Exp* ^56 Measure resistance using tho voltmeter-ammo ter method. Study 

' , voltmeter current on ammeter reading and vice versa* 

Exp* Investigate variations of wire resistance with changes in I 

wire length, diameter, and material* j 
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Exp« 7 /^ 3 ^ Probe variations of wire resistance with changes in tempera- 
"ture. Examine fuse vo temperature action. 

Exp. i^^.59 Measure the distribution of current in series, parallel, and 

series-parallel circuits. Investigate current behavior at circuit nodes. 

Exp. #60 Measure tho distribution of voltage in series, para3.1e3., and 

“"■^series-parallel circuits. Investigate voltage behavior in circuit loops. 

Exp. #61 Associate circuit shorts and opens with symptoms using electrical 
lav/'s and voltmeter readings. Students make judgment based on theory 
and then check judgment against actual circuit which includes the 
short or break. 

Exp. #62 The teacher's favorite. A qualitative analog of Exp. #61. 

Affords ^0 trouble shooting opportunities. Team members compete 
against one another by making theoretical judgments regarding circuit 
symptoms and circuit difficulties and then actually wiring the circuit 
including the difficulty. Erroneous judgments require explanation 
before pi’oceeding to the next more difficult circuit. A simple, 
inexpensive expex*iment which is easily rated by the competing team 
members. 

Exp. #63 ConstjTUct a Wheatstone bridge and measure resistances with it. 
Derive bridge equation, consider bridge accuracy when Luj = Lx* and 
examine the possibility of improving measurements with dual readings 
‘including those mad© with battery polarity reversed. 

Bxp. #64 Design, construct, and calibrate a voltmeter. An introduction 
to a simple voltage divider, multipliers, constant current generator 
and the half current method of measuring the small resistance of a 
galvanometer movement. 

Exp. #65 Design, construct, and check switching circuits. Circuits 
graded according to difficulty— no hints. 

Exp. #66 Design, construct, and check ohmmeter. 

#67 Apply Kircbhoff's Laws and simultansoue oquationc to electrical 
networks * 

#68 Measure resistances wired in 3 dimensional configurations . 

Apply 71 and T transformations in circuit analysis. 

#69 Sin:plified approach to complicated resistance, configurations 
using Kirchhof f * s Lawsi- 

#70 Measure electrical power and work and the conversion of- 
electrical- energy -into heat , - Expsrimsatally determine -Joule * s ■ 

mechanical equivalent. 

#71 Experimentally determine the temperature coefficients of 
electrical resistance for copper and nichrome, and apply them to 
indirectly measuring the temperatures of an operating motor, an 
operating transformer, and an operating hot plate. 

#72 Measure the power transfer of a black, box power supply under 
varying load. Use semilogarithmic graph paper to determine the 
condition for maximum power transfer. Consider possibility of 
generalizing- the findings. 

#73 Measure the equivalent voltages end resistances of three black 
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Exp. 



Exp. 



Bxp. 



Exp. 



Exp. 



•Exp. 



uj. i^ujxuiju iij fjgju-gB, yju'fi.xj.u.1., turn 

aerie s-parallel circuita* * Investigate current behavior at circuit nodee. 

Exp» §GO Measure the distribution of voltage in series, para3.1e3., and 

B0r£es~parallel circuits. Investigate voltage behavior in circuit loops. 

Exp. ;^1 Associate oircuit shorts and opens with symptouis using electrical 
\ la!v/s and voltmeter readings. Students make judgment based on theory 
and then check judgment against actual circuit which includes the 
short ox* break. 

Exp. i^62 The teacher's favorite. A qualitative analog of Exp. »^6l. 

Affords 50 trouble shooting opportunities. Team members compete 
against one another by making theoretical judgments regarding cix-cuit 
symptoms and circuit difficulties and then actually wiring the circuit 
. including the difficulty. Erroneous judgments require explanation 
before proceeding to the next more difficult circuit. A simple, 
inexpensive experiment which is easily rated by the competing team 
members. 

Exp. jiS'i Construct a Wheatstone bridge and measure resistances with it. 
Derive bridge equation, consider bridge accuracy when Ljn i Lx, and 
examine the possibility of improving measurements with dual readings 
'including those mad© with battery polarity reversed. 

Exp. #6^ Design, construct, and calibrate a voltmeter. An introduction 
to a simple voltage divider, multipliers, constant current generator 
and the half current method of measuring the small resistance of a 
galvanometer movement. 

Exp. #6^ Design, construct, and check switching circuits. Circuits 
graded according to difficulty— no hints. 

Exp. Design, consti'uct, and check ohmmeter. 

Exp. i^67 Apply Kirohhoff's Laws and simultansoue equations to elocti'ical 
networks. 

Exp. ;^68 Measure I’esistances wired in 5 dimensional configurations. 

Apply n and T transformations in circuit analysis. 

Exp. i^69 Simplified approach to complicated resistance, configurations . 
using Kirohhoff's Lav/s « 

Exp. ^0 Measure electrical power and work and the conversion of- 

• electrical energyinto heat. Experimentally determine Joule's 
mechanical equivalent. 

Exp. ^1 Experimentally determine the temperature coefficients of 
electrical resistance for copper and nichrome, and apply them to 
indirectly measuring the temperatures of an operating motor, an 
operating transformer, and an operating hot plate. 

Exp. #72 Measure the power transfer of a black, box power supply under 
varying load. Use semilogarithmic graph paper to determine the 
condition for maximum power transfer. Consider possibility of 
generalizing, the findings. 

Exp. ^73 Measure the equivalent voltages and resistances of three black 

. box c ire u it s and then verify that these "unknown" complex circuits 

can actually be replaced by simple Tbevenin equivalent circuits. A.fter 
practical verification, expose black box circuits, examine contents 
and attempt to rationalize and generalize experimental findings. 

Exp. Design, construct, and test L-Pads, Examine variable L-Pad 

. and determine the mathematical structure of the variable resistances. 

Exp. #75 Experimentally investigate and apply Lenz's Law to self 
induction, mutual induction and transformer action. 
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E 3 qi. ?^76 Measure magnoticL attraction and repulsion and relate to the 



inverse square law. 

Exp. /i^77 Measure AC voltage and frequency with an oscilloscope. 



Measure tuning fork frequency with a microphone and an oscilloscope. 

Exp. //78 Determine the charges carried by copper and hydrogen ions in 
solution. Measure coulombs and moles. . 



Exp 



Exp 



, #79 Use the earth's magnetic field to determine the factors in 
magnetic field strength. 

, ;^80 Use current balance to measure coil magnetic induction in 
and gausses. 



newtons 



ampere-meter . ^ 

Exp. )^ 8 l Use electron curvature in a 6 AF 6 tube and in a knoi’/n magnetic 



field to determine the mass of an electron. 



Exp. #82 Experimentally analyze the operation of a synchro system. 



Apply vectors to synchros. 



Exp 



, ^83 Examine capacitor charging and its relation to the RC constant 
of the circuit. Compare experimental results with the theoretical 



universal curve. 



Exp 



, Measure starting and stopping voltages of a neon bulb. Design 

and construct relaxation oscillators.- Associate saw tooth curve with 



TV picture production and radar range finding. 

Exp. #85 Investigate AC voltage distribution in series circuits contain- 



ing resistors and capacitors. Apply vectors to AC circuit voltage. 



Exp 



, i^86 Theoretically develop X© = Znic experimentally compare with 

Xc = ^ 



Exp 



Graphically verify that = 0.637 Imax using a) graph paper squares 

b) sine table values 

c) "mass” of siiie curve 

Study capacitor's non- resistive opposition to electron flow. 

. '#8? Observe effect of laminated iron core on a coil's non-resistive 
opposition to electron flow. x;etermine the effect of frequency on a 
coil's inductive reactance. Calculate coil inductance in henries. 
Experimentally coimpare Xj^ = Z s and * SxfL. Explain why c->il : 

I 



resistance plays an increasingly minor role in coil impedance as 
frequency increases. 

Exp. '//88 Experimentally examine series circuit resonance. For a given 
coil, graph resonant frequency vs. capacitance. Explain cusrve's form 
and how it will be affected by increased resistance. Determine coil 

inductance via L s . 



Exp. ^o9 Experimentally examine parallel circuit resonance. Measure 

impedance of tank circuit using voltmeter. Calculate coil inductance 
assuming that Xjj = for a resonant circuit. Observe and explain the 
■ damped harmonic oscillations of a resonant tank circuit. Design tank 






Measure tunins fork frequency with a microphone and an oscilloscope* 

Eacp* //?8 Detormine the chargee carried by copper and hydrogen ions in 
solution. Measure coulombs and moles. 

Exp. S79 Use the earth's magnetic field to determine the factors in 
magnetic field strength, 

Exp* i^SO Use current balanco to measure coil magnetic induction in 
newtons and gausses. 

ampore-meter . 

Exp. i^8l Use electron curvature in a 6AF6 tube and in a knoxvn magnetic 
field to determine the mass of an electron. 

Exp. /^82 Experimentally analyze the operation of a synchro system. 

Apply vectors to synchros. 

Exp. #83 Examine capacitor charging and its relation to the EG constant 
of the circuit. Compare experimental results with the theoretical 
universal curve. 



Exp. #8^ Measure starting and stopping voltages of a neon bulb. Design 
and construct relaxation oscillators.- Associate saw tooth curve with 
TV picture production and radar range finding. 



Exp. Investigate AC voltage distribution in series circuits contain- 

ing resistors and capacitors. Apply vectors to AC circuit voltage. 

Exp* #B6 Theoretically develop Xc = ^nfC experimentally compare with 
X(j = -Y 

Graphically verify that Ij^y. = 0.637 Imax using a) graph paper squares 

b) sine table valixes 

c) "mass'* of siiie curve 

Study capacitor's non- resistive opposition to electron flow. 



Exp* #87 Observe effect of laminated iron core on a coil's non-resistive 
opposition to electron flow. Determine the effect of frequency on a 
coil's inductive reactance. Calculate coil inductance in henries. 
Experimentally compare = Z = _V and Xj, s 2nfL. Explain why coil 

I 

resistance plays an increasingly minor role in coil impedance as 
frequency increases. 

Exp. //88 Experimentally examine series circuit resonance. For a given 
coxT, graph resonant frequency vs. capacitance. Explain curve's form 
and how it will be affected by increased resistance. Determine coil 

inductance via L = » 

Exp. //89 Experimentally examine parallel circuit resonance. Measure 

impedance of tank circuit using voltmeter. Calculate coil inductance 
assuming that = Xq for a x'esonant circuit. Observe and explain the 
damped harmonic oscillations of a resonant tank circuit. Design tank 
frequency trap. 

Exp. /^90 Measure frequencies using Lissajous patterns on an oscilloscope* 
TheoreticalD.y develop Lissajoua figures and generalize both theoretical 
and experimental findings. 

Exp. ?{^91 Experimentally discover unidirectional flow in an ammonium 

phosphate solution with lead and aluminum strips. Examine operation of 
1B3 tube (use tube manual for hook-up) with negative and positive plates. 
V/ire and trace the electron flow of a half-wave semiconductor rectifier. 
Wire and trace the electron flow of a full-wave semiconductor rectifier. 
Examine the wave forms with an oscilloscope. Wire a square wave 
generator and explain its operation. 
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COURSE ORGANIZATION AND EQUIPMENT 



Except for the first three days of experimentation only one set 
of equipment is required for each experiment thereby keeping cost and 
storage requirements at a minimum. By the fifth day classeG ai'c 
grouped into ten teams with each team engaged in a different experiment. 
Thereafter, a new experiment is introduced daily while a completed one 
is withdrawn. The modest 10?^ reorganisation of the laboratory per day 
not only maJces the completion of 91 different experiments feasible but 
also enhances coarse flexibility since the cost of a single set up 
usually will neither deter the introduction of a new experiment nor 
impede the rejection of an inappropriate one. 

Laboratory work begins immediately following the first day of the 
term during which students are enrolled, grouped into teams with a 
minimum of 3/team, and general information is imparted to the students. 
The teams, usually ten in number, are identified by letters A through J, 
move into sequential order as follows: ' 



Day- 

Team 

Exp 



2 


3 


4 


5 


G 


I 


J 


A 


2 


2 


2 


11 


Station #6 



Day- 
Team 
Exp # 



2 


3 


4 


5 


P 


B 


D 


F 


t: 

1 


lIj 


6 


6 


station ifi. 



2 


3 


4 


5 


H 


H 


I 


J 


2 


2 


2 


2 


•Station #7 


t? HIGH SCHOOL 


2 
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4 


5 


I 
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£ 


1 


7 


n 

1 # I 


1 7 



2 
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Station #8 
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3 


4 


5.. 


D 


P 


G 


H 


4 


4 


4 


4 . 



Station #9 



2 




4 




A 


D 


F 


G 


_1_ 


-JL 




_3._ 


Station #10 



— APPLIED PHYSICS LABORATORY 



Station #2 
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*1 

1 •** 


0 

KJ 
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Station #3 
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5, , 
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A 


c 




h 

1 J 


1, ^ 


L? 1 


Station #4 j 



2 
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4 


5 


B 


C 


E 


B 


J 


J 1 


[ 3 


19... 



Station ipy 



;•» 

•I’t 
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The first five experiments require some duplication but create no 
equipment difficulties. The fifth day of the term finds lead Team A at 
station #6 doing Exp. #11, team B at station #5 doing Exp. #10, team C 
at station #4, etc. etc. If team exists it spends two days doing"” 
Exp. #1 and two days doing Exp. #2~“an excellent opportunity to reviev/ 
physics v/hilo enabling the teams to fall in line. Team devotes two 
days to Exp.' #2. No other experiment duplications occur for the rest 
of the term. 

Because the Applied Physics Laboratory was subjected to trial while 
being written, the expected gap between impossible dreams and practice 
- narrowed. Experiments were necessarily selected to fit materials 

accessible to Aviation High School. Simplicity rules the laboratory 



u uinuruiiL. bi^ju-iviiiionb. 

Thoreafter, a now exporimant is introduced daily while a completed one 
is withdrawn* The modest 105>^ rporganiaation of the laboi-atory pex- day 
not only mahee the completion, of 91 different experiments feasible but 
also enhances course flexibility since the cost of a single set up 
usually will neither deter the introduction of a new experiment nor 
• impede the rejection of an inappropriate one. 

Laboratory work begins immediately follovving the first day of the 
«• term during which students are enrolled, grouped into teams with a 

minimum of 3/team, and general information Is imparted to the students. 
The teams, usually ten in number, are identified by letters A through J, 
move into sequential order as follows: ’ 
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AVIATION HIGH SCHOOL — APPLIED PHYSICS LABOMTORY 
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The first five experiments require some duplication but create no 
equipment difficulties. The fifth day of the term finds lead Team A at 
station #6 doing Exp. #11, team jB at station #5 doing Exp* #10, team C 
at station #4, etc. etc. If team iJ exists it spends two days doing 
Exp. #1 and two days doing Exp. #2--an excellent opportunity to reviev/ 
physics v/hilo enabling the teams to fall in line. Team devotes two 
days to Exp. #2. Wo other experiment duplications occur for the rest 
of the term* 

Because the Applied Physics Laboratory v/as subjected to trial while 
being written, the expected gap between impossible dreams and practice 
narrowed. Experiments were necessarily selected to fit materials 
accessible to Aviation High School. Simplicity rules the laboratory 
set ups and in the electricity experiments a positive effort avoided 
the inclusion of console apparatus where the price for adaptability is 
a dull obscurity in which the important ideas are lost and the student 
is deprived of contact with the component parts. 

Abortive attempts to classify apparatus verbally with the repeated 
use of "fixture", "holder", etc. soon became mired in hopeless arabiquity-i 
Now, photographs afford an instant inventory of materials required for 
individual experiments. Three years of experience prove that photographs 
effectively relieve the teacher from th^' onerous task of assuring the 
availability of the thousands of items needed to keep 91 different 
experiments working. With minimal effort students capably assume 
responsibility for apparatus. 
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i l^FERJjNCE LIBI^RY 

By design, the experiraonta require frequent research in the litera- 
tui'o-. For convenience a library consisting of 'more than ^00 volumes is 
located directly in the laboratory. Although specific references on the 
! experiment sheets suggest a direction research may profitably take, the 

j student is urged to, and with experience aoes, develop his own proficient 

method of investigation. Indeed, this may well be the most important 
outcome of the laboratory-research approach to learning. The arbitrary 
list of references must. of course change as the library grows. Through 
residing contact with leading minds in the v/orld of science, students are 
' . encouraged to expand their horizons beyond the confines of the classroom 
and to rise above limitations they may have unnecessarilii p)laced ui>on 
themselves. The ability to research a problem v/ill be a valuable asset 
[ «■ in Yfhatever field the student eventually pursues. 



A partial list of present holdings follows.; 

Adams, Thomas. Transistor Circuits . 2nd ed. Indianapolis; Howard V/. 
Sams Sc Co., 1966* 

Adams, Thomas. Oscillator Circuits . 2nd ed. Indianapolis; Howard W. 
Sams Sc Co . , 1966 

Adams, Thomas. Detector and Rectifier Circuits . 2nd ed. Indianapolis; 

. Howard W. Sams & Co., i'966V ■ ' 

•Andres, Paul G. ; Miser, Hugh J.; and Eeingold, Haim. Basic .Mathematics 
for Science and Engineering . New York; John Wiley & Sons,- Inc., 1955. 

Angus, Robert B. Jr. Electrical Engineering Fundamentals . 2nd ed. 
Reading, Mass.: Addison-V/esley Publishing Co. Ind., 1968. 

Arons, Arnold. Development of Concepts of Physics . Reading, Mass.: 
Addison-Wesley Publishing Company, I 965 V 

Baez, Albert V. The New College Physics . San Francisco: V7. H. Freeman 

& Company, 196?. 

Baker, Lee D. ; Brovmlee, Raymond B.; and Fuller, Robert Wc Elements of 
Physics . Boston; Allyn and Bacon, Inc., 1956. 

Beiser, Arthur. Basic Concepts of Physics . Reading, Mass.; Addison- 
y/esley Publishing Company', ! l'961«i 

Beiser, Arthur. The Science of Physics . Reading, Mass.: Addisoa- 

Wesley Publishing Company, 1964. ~ 

Benumpf, Reuben. Concepts in Physics . Englewood Cliff, N. J.: 
Prentice-Hall Inc. , 19^5 . ~~ 

Blackwood, Oswald H.| Kelly, William C.; and Bell, Raymond M# General 
Physios . 3rd ed. New York: John Wiley & Sons, Inc., 1963* 

Bradner, James B. ahd Susakind, Tamar Y. Newton’s Laws of Motion. 
Anaheim, Cal.; Litton Instructional Material's, Inc. j 1966. 

Bradner, James B. and Susskind, Tamar I. Theories of Relativity . 

Anaheim, Cal.; Litton Instructional Materials, In’cV, 1^66’*" 
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Bradner, James E. and Susskind, Tamar Y. Magnetism and Alternating 
o'. Current . Anaheim, Cal.; Litton Instructional Materials, Inc., 1966 

Brandwein, Paul F.; Stollberg, Robert; and Burnett, Will R. Energy— Its 
j Forms and Changes . New York; Harcourt, Brace & World, Inc'« , l968'« 






wuggosx; a airocuxo)i refooai'cii may proi'xtably talto, tlie 
student is urged to, tuid with experience aoes, develop his own proficient 
method of investigation* Indeed, this may well be the most important 
outcome of tho laboratory-research approach to learning. The arbitrary 
list of references must of course change as the librarj’’ grows, Tln-ough 
reading contact with leading minds in the world of science, students are 
encouraged to expand their horizons beyond the confines of the classroom 
and to rise above limitations they may have unnocesaaril:'' placed ui^on 
themselves. The ability to research a problem v/ill be a valuable asset 
in v;hatever field the student eventually pursues. 

A partial list of present holdings follows: 

Adams, Thomas. Transistor Circuits . 2nd ed. Indianapolis; Howard W. 
Sams 8c Co., I 966 . 

Adams, Thomas. Oscillator Circuits . 2nd ed. Indianapolis; Howard W. 
Sams & Co., 1966. 

Adams, Thomas. Detector and Rectifier Circuits . 2nd ed, Indianapolis; 
Howard V/. Sams & CoTJ I 966 . , 

.Andres, Paul G. ; Miser, Hugh J.; and Eeingold, Haim. Basic Mathematics 
for Science and Engineering . New York: John Wiley 8 c Sons,- Inc., 1955. 

Angus, Sobert' B. Jr. ' Electrical Engineering Fundamentals . 2nd ed. 
Reading, Mass.; Addison-Wesley Publishing Co. Ind., I 968 . 

Arons, Arnold. Development of Concepts of Physics . Reading, Mass.; 
Addison-Wesley Publishing Company, 1965* 

Baez, Albert V. The New College Physics . San Francisco; W. H. Freeman 
Sc Company, 196?. 

Baker, Lee D. : Brownlee, Raymond B. ; and Fuller, Robert- \Vc Elements of 
Physics . Boston; Aliyn and Bacon, Inc., 1956. ^ ^ ' 

Beiser, Arthur. Basic Concepts of Physics . Reading, Mass.; Addison- 
V/esley Publishing Company, . I 96 I. 

Beiser, Arthur. The Science of Physics . Reading, Mass.; Addison- 
Wesley Publishing Company, I 96 V. ~ 

Benumof, Reuben. Concepts in Physics. Englewood Cliff, N. J.; 
Prentice-Hall Inc., 1965. 

Blackwood, Cswald H. ; Kelly, William C. ; and Bell, Raymond M. General 
Physios . 3rd ed. New York; John Wiley 8 c Sons, Inc,, I 963 , 

Bradner, James E. and Susskind, Tamar Y. Newton's Laws of Motionv> 

Anaheim, Cal.; Litton Instructional Materials, Inc., 19667 

Bradner, James E. and Susskind, Tamar Y. Theories of Relativity. 

Anaheim, Cal. ; Litton Instructional Mat 6 riais, Inc., 1^66 . 

Bradner, James E. and Susskind, Tamar Y. Magnetism and Alternating 
Current . Anaheim, Cal. ; Litton Instructional Materials, Inc., I 966 

Brandwein, Paul F. ; Stollberg, Robert; and Burnett, Will R. Energy — Its 
Forjiis and Changes . New York; Harcourt, Brace 8c World, IncT']; I'glSb. 

Brennan, John W. Mechanics. 2d ed. New York; McGraw-Hill Book Co,. 

19 ^ 8 . ^ 

Brophy, James J. Basic Electronics for Scientista , New Yoi*k; McGraw- 
Hill Book Co., 19667 

Chapel, Charles E. Aircraft Basic Science. New York; McGraw-Hill.Baok 
Company, Inc., 1946 

Constant, Woodbridge F. Fundamental Laws of Physics. Reading, Mass.; 
•Addison-Wesley Publishing''''c6mpany7~l9637 ' 
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Courant, Richard. Differential and Integral Calculus Vol. I . 2nd ed* 

New York; Interscience Publishere Inc., 1'95?'. 

Courant, Richard. Differential and Integral Calculus Vol. II . New York; 
Interecience Publiahei's Inc., 193fc»* 

Courant, Richard, and Robbins, Herbert. What is Mathematics? New York; 
Oxford University Press, 19^1 . 

Dawes, Chester L. Industrial Electricity Vol. I Direct Currents . 3vd ed. 
New York; McGrav/~Hill Book Co.”i 1956. 

Dawes, Chester L. Industrial Electricity Vol. II Alternating Currents . 

3rd ed. New York: McGraw-Hill Book Co. , i960 



DeFrance, Joseph J. 

Cliffs, N. J»; Prentice - * 



Alternating Current Fundamentals. 

1937. 



DeFrance, Joseph J* General EI.ectronic Circuits . 

Rinehart and V/inston^ I966. ^ 

Dull, Charles E.; Metcalfe, Clark H.; and Williams, John E 
New York: Holt, Rinehart and Winston, Inc., i960. 



2nd ed. Englewood 
Nev/ York: Hplt, 

Modern Physics . 
New York; John 



Engelder, Carl J.' Elementary Quantitative Analysis . 

V7iley & Sons, Inc., 1929. 

Feynman, Richard P.j Leighton, Robert B. ; and Sands, Matthev;. The 
Feynman Lectures on Physics Vol. I . Reading, Mass; Addiaon-V/esley 
Publishing Co., 



1963. 

Funk and V/agnalls. Standard College Dictionary . 
Brace 8« VJorld, Inc7"i 196^6^ ~ 

Gamow, George, and Cleveland, John M. Physics; 
Englewood Cliffs, N. J.: Prentice-Hall, Inc., 

Gerrish, Howard H. Electricity and Electronics . 
Goodheart-Wilcox Co., Inc., "l96h-. 



New York; Harcourt, 
Foundations and Frontiers, 
Homev/ood, 111.; The • 



Glasstone, Samuel. Sourcebook on the Space Sciences . 

D. Van Nostrand CoT^i 

Halliday, David, and Resnick, Robert, 

John Wiley fi< Sons Inc., 1962 • ' . ^ 

Hodgman, Charles D., ed. Handbook of Chemistry and Ph^rsics 
Cleveland; The Chemical "Rubber Publishing Co. , I91S2T” 



Princeton, N. J*: 

Physics-Combined Edition. Nev/ York; 

A-3rd ed. 
Anaheim, Cal. ; 



Holmes, Richard G. Time Constants in Capacitive Circuits . 

Litton Ihst)?uctional Materials, Inc., 19bFiT 

Holton, Gerald, and Roller, Duance H. D. Foundations of Modern Physical 
Science. Reading, Mass.: Addison-Wesley Publishing Co. , T93HI 



Kirk, Franlclyn y/. , and Rimboi, Nicholas R. 

American Technical Society, 1962. 

Kline, Morris. Mathematics and the Physical World . 

Crowell Company, "1959 • 

Kline, Morris. Mathematics in V/estern Culture .' New York; 

University Press, 1935 » 

Kline, Morris. . C alculus--Parts I and II . New York; John Wiley and 
Sons, Inc., 19^» 



Instrumentation . Chicago: 

Nevf York; Thomas Y. 
Oxford 



Gouraut, Richard, and Kobbine, Herbert. What is Mathematics? Now York: 
Oxford University Press, IV^l. 

Dawes, Chester L.. Industrial Electricity Vol. I Direct Currents . 5rd ed. 
New York: McGraw-Hill' Booic Co.~ I956", 

Dawes, Chester L. Industrial Electricity Vol. II Alternating Currents . 

5rd od. New York: McGraw-Hill Book Go. , i960 

DeFrance, Joseph J. Alternating Current Fundamentals. 2nd ed. Englewood 
Cliffs, N. J.: Prentice-HalTTllnc. , 195'?'^ 

DeFrance, Joseph J,» G eneral Electronic Circuits . Nev^ York: Hplt, 

Rinehart and WinstonlJ 1966. ^ 

Dull, Charles E. ; Metcalfe, Clark H.; and Williams, John E. Modern Physics . 
New York: Holt, Rinehart and Winston, Inc., i960. 

Engelder, Carl Jf Elementary Quantitative Analysis . New York: John 

'Wiley & Sons, Inc., 1929* 

Feynman, Richard P. ; Leighton, Robert B. ; and Sands, Matthew. The 
Feynman Lectures on Physics Vol. I . Reading, Mass: Addison-V/esley 

Publishing Go., .1965. 

Funk and Wagnalls. Standard College Dictionary . New York: Harcourt^ 

Brace 8c VJorld, IncT’i 1966 . ^ 

Gamow, George, and Cleveland, John M. Physics: Foundations and Frontiers . 

Englewood Cliffs, N. J.: Prentice-Hall, Inc., 19^0* 

Gerrish, Howard H. Electricity and Electronics . Homev/ood, 111.: The . 

Goodheart-VVilcox Co., Inc., 196'i-. 

Glasstone, Samuel. Sourcebook on the Space Sciences . Princeton, N. J.: 

D. Van Nostrand CoT^ ^ 

Halliday, David, and Resnick, Robert. Physics-Combined .Edition. Nev/ York: 
John Wiley & Sons Inc., 1962 , ' ■ 

Hodgman, Charles D. , ed. Handbook of Chemistry and Ph5’~sics . 45rd ed. 
Cleveland: The Chemical ’Rubber Publishing Co., I962, 

Holmes, Richard G. Time Constants in Capacitive Circuits . Anaheim, Cal.: 
Litton Instinj-ctional Materials, Inc. , 1966. 

Holton, Gerald, and Roller, Duance H. D. Foundations of Modern Physical 
Science . Reading, Mass.: Addison-Wesley Publishing Co. , ,1956. 

Kirk, FranklynW., and Rimboi, Nicholas R. Instrumentation . Chicago: 
American Technical Society, 1962. 

Kline, Morris, Mathematics and the Physical World . New York: Thomas Y. 

CrovYell Company, 1959. 

Kline, Morris. Mathematics in V/estern Culture .' New York: Oxford 

University Press, 1955» 

Kline, Morris, . C alculus— Parts I and II . New York: John Wiley and 
Sons, Inc., 19^. 

Kohn, Max, and Starfield, Martin J. Materials and Processes . Nev/ York: 

The Macmillan Company, 1952. 

Lehrman, Robert L. and Swartz, Clifford. Foundations of Physics, 

New. York: Holt, Rinehart and Winston, Inc., 1965* 

MacLachlan, James H.; McNeil, K. G, ; and Bell, John M. Matter and Energy. 
New York: Noble and Noble, Publishers, Inc.^ 1963. 

Machover, Carl. Basics of Gyroscopes . New York: John F. Rider Publisher, 

Inc. , i960. 

Marcus, Abraham. Basic Electricity . 2nd ed. Englev/ood Cliffs, N. J. ; 
Prentice-Hall, IncT, 196'^. 
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Marcus, Abraham. Basic Electronics. Englewood Cliffs, N. J.: Prentice- 

Hall, Inc., 196^1 

- Marcus, Abraham. Automatic Industrial Controls . Englewood Cliffs, N.J.: 
PrenticG~Ho.ll, Inc., 19b6l 

Marcus, Abraham, and Marcus, William. Elements of Radio . 5th ed. 
Englewood Cliffs, N. J.; Prentice-Hall, Inc«, 1965"»" " " 

Margenau, Henry; Watson, William W.; and Montgomery, C. G« Physics 
Princ ip les and Ai^plications . New York: McGraw-Hill Book Co,, 1953» 

Middleton, Robert G. 101 Ways to Use Your Sweep Generator . 2nd ed« 
Indianapolis; Howard W. Sams & Co.J TncTJ l’9"bS^ 

Middleton, Robert G. 101 Ways to Use Your Oscilloscope . 2nd ed. 
Indianapolis; Howard W. Sams & Co^-, Inc., 1966"!^ 

Middleton, Robert G. 101 Ways to Use Your Signal Generator . Indianapolis; 
Hov/ard W. Sams & Co., Inc., 1959* 

Middleton, Robert G. 101 More Ways To Use Your VOM and VTVM . 

Indianapolis; Hovvax'd W. Sams & Co,, Inc., I9SI 

I-iiller, Franklin, Jr.; Dillon, Thomas J.; and Smith, Malcolm K, Concepts 
in Physics . New York; Harcourt, Brace, and World, Inc,, 1969. 

Hosteller, Frederick; Rourke, Robert E. K. ; and Thomas, George B. Jr. 
Probability and Statistics . Reading, Mass.; Addison-Viesley Publish- 
ing Co., Inc., I9S1 . ■ . 

Orear, Jay, Fundamental Physics. 2nd ed. New York; ■ John V/iley & Sons 
Inc., 1967. 

Owen, George F. Fundamentals of Scientific Mathematics . Baltimore; 

The Johns Hopkins Press, . 1961. 

Philco Education Operations Staff. Basic Concepts and D.C. Circuits . 

Fort Washington, Pa..; Philco, I960. " 

Philco Education Operations Staff. Eleotx-onic and Electrical Fundamentals . 
Fort Washington, Ps.; Philcc, I960'. 

Philco Education uperations Staff, Vacuum Tube a nd Semiconductor Funda- 
mentals . Fort Washington, Pa, ; Philco, I9S0. 

Philco Education Operations Staff. Electronic Circuits and Systems . 

Fort Washington, Pa.; Philco, 19^0 ^ ~ 

Philco Education Operations Staff. Advanced Electronic Circuit Technology . 
Fort Washington, Pa.; Philco, 19^0 • 

Philco Tech Rep Division. Electrical Power Equipment. 2nd ed. 

Blue Bell, Pa. ; Philco, ' i960. “ 
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Philco Tech Rep Division. Electronic Circuit Directory . Fort ’Washington, 
Pa.: Philco, 1.96^f-. ■ 

Philco Tech Rep Division, Radio Communication System Measurements . 

Port Washington, Ps,; PhiXco, 1952 , 7 

Philco Tech Rep Division. Synchros and Servomechanisms . Fort ‘Washington, 
Pa, ; Philco, 195^» 

Philco Tech Rep Division. Shop Practices. Fort Washington, Pa«: 

Philco, 195.9 

Philco Tech Rep Division. Industrial and Microv/ave Electronic Technology. 

Philadelrihia.* ' T 






Marcue, Abraham, and Marcus, V/illiam. Elements of Radio o 5th ed« 
En(jlewood Cliffs, N» J.: Prentice-Hall, Inc«, 19'65T”'^ 

Margenau, Henry; Watson, William W.; and Montgomery, C* G. Physics 
Principles and Applications . Nov/ York; McGraw-Hill Book. Co., 1953* 

Middleton, Robert G. 101 Ways to Use Your Sweep Generator . 2nd ed. 
Indianapolis: Howar’d’‘W . Sams Co’. i Inc l9b(3* 

Middleton, Robert G. 101 Ways to Use Your Oscilloscope . 2nd ed. 
Indianapolis: Howard W. Sams &~"Co. , Inc. , 1966. 

Middleton, Robert G. 101 Ways to Use Your Signal Generator . Indianapolis; 
Howard V/. Sams & Co. 'inc. , 1959* 

Middleton, Robert G. 101 More Ways To Use Your VOM and VTVM . 

Indianapolis; Howard W. Sams & Co., Inc., 1961 

l>Iiller, Franlclin, Jr.; Dillon, Thomas J.; and Smith, Malcolm K« Concepts 
341 Physics . New York; Harcourt, Brace, and World, Inc., 1969* 

Mosteller, Frederick; Eourke, Robert E. K. ; and Thomas, George B. Jr. 
Probability and Statistics . Reading, Mass.: Addison-Wesley Publish- 
Tng Co.'j' Inc.', 1961 « . • . 

Orear, Jay. Fundamental Physics . 2nd ed. Now York; ■ John V/iley &. Sons 
Inc., 1967* 

Owen, George F. Fundamentals of Scientific Mathematics . Bailtimore; 

The Johns Hopkins Press, . 1961. 

Philco Education Operations Staff. Basic Concepts and D.C. Circuits. 

Fort Washington, Pa.,; Philco, I960. 

Philco Education Operations Staff. Electronic and Electrical Fundamentals . 
Fort Washington, Ps*; Philcc, I960. 

Philco Education uperations Staff, Vacuum Tube and Semiconductor Funda- 
mental, Fort Washington, Pa, ; Philco, T^SoT” 

Philco Education Operations Staff, Electronic Circuits and Systems, 

Fort Washington, Pa.; Philco, 193^0 ^ 

Philco Education' Operations Staff. Advanced Electronic Circuit Technology. 
Fort Washington, Pa.; Philco, 19^^^ 

Philco Tech Rep Division. Electrical Power Equipment. 2nd ed. 

Blue Bell, Pa.; Philco, " I960. “ 

Philco Tech Rep Division. Electronic Circuit Directory. Fort Washington, 
Pa,; Philco, 196^1-. 

Philco Tech Rep Division. Radio Communication System Measurements, 

Fort Washington, Ps. : Philco, I 952 . ^ 

Philco Tech Rep Division. Synchros and Servomechanisms. Fort V/ashington, 
Pa.; Philco, 195^* " 

Philco Tech Rep Division. Shop Practices. Fort Washington, Pa,; 

Philco, 1959 

Philco Tech Rep Division, Industrial and Microwave Electronic Technology. 
Philadelphia; Philco, i 960 . ^ ^ ^ ^ 

Pisani, Torquato J. Strength of Materials . New York; D. VanNostrand 
• 'Company, Ino,, 19^7. 

Physical Science Study Committee. Physics, 2nd ed. Boston; D. C. Heath 
and Company, 1965* 

Richards, James A.; Sears, Francis W.; V/ehr, Russell M. ; and Zemansky, 

Mark W, Modern Hniversity Physics . Reading, Hass. ; Addison-V/esley 
Publishing Company, Inc., I960. 

Ristenbatt, Marlin P. , and Riddle, Robert L. Transistor Physics and 

Circuits . 2nd ed, Englewood Cliffs, N. J.; Prentice-Hall, Inc,, 1966. 
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Rogers, Brio M. Physics for the laquiring Mind . Princeton, N. J«; 
Princeton University Press, I960. 

Schure, Alexander. Basic ‘gransiators . New York; John F. Rider 
PiiBlisher, Inc., 1961. ^ 

Sears, Francis W. Mechanics, Heat, and Sound . 2nd ed. Reading, Mass.: 
Addison-VVosley Publishing Company, Inc., 1950. 

Sears, Francis W. Electricity and Magnetism , Reading, Mass.; Addison~ 
V/esley Publishing Comp'any, Inc., 19^6* 



Sears, Francis V/. Mechanics, Wave Motion and Heat . Reading, Mass.; 

Addison-V/esley Publishing Company, Inc., 195^' " 

Sears, Francis W. Thermodynamics . 2nd ed. Reading, Mass,; Addison- 
VVesley Publishing Company, Inc., 1955» 

Sears^ Francis W. Optics . 5rd ed. Reading, Mass,; Addison-Wesley ' 

Publishing Company, Inc. 19^9* 

Sears, Francis V/*, and Zemansky, Mark V/. University Physios . 3rd ed. I 

Reading, Mass.; Addison-Wesley Publishing Company, Inc.,:” 1963* | 

Semat, Henry. Fundamentals of Physics , ^th ed. New York; Holt, | 

Rinehart, and V/inston, Inc., 1966. | 

Steinmetz, Charles P, Engineering Mathematics. 3rd ed. New York: j 

McGraw-Hill Book Co., 191?. 1 

.1 

Stollberg, Robert, and Hill, Faith F. Physics Fundamentals and Frontiers. • 1 

Boston; Houghton Mifflin Co., 1965* ■ | 

Stout, Melville B. Basic Electrical Measurements. 2nd ed. Englewood I 

Cliffs, N. J.; Pren t ice -Hall , Inc . , i 960 . j 

Struve, Otto; Lynds, Beverly; and Pillans, Helen, Elementary Astronomy . | 

Nev; York; Oxford University Press, 1959* j 

Taffel, Alexander. Visualized Physics . Rev. ed. New York; Oxford | 

Book Co., 1956 . • i 

Taffel, Alexander- Physios — Its Methods and Meanings , Boston; Allyn 

and Bacon, Inc., 1966 ^ I 

■ ; I 

Tepper, Marvin. Basic Radio Vol. 1 through 6. New York; John F. 

Rider Publishing Company, Inc., 1965* \ 

Thomas, George B. Jr. Calculus and Analytic Geometry . 3rd ed, Reading, | 

Mass.: Addison-Wesley Publishing Company, Inc., I 96 O. > 

Timbie, William H. Basic Electricity for Communications . Rev,- by Rickei’, 

Francis J. . 2nd ed. New York; John Vfiley & Sons, Inc., 1966. • 

Turner, Rufus P, Basic Electronic Test Procedures . Nev/ York; Holt, 

Rinehart, and Winston, 1965. 

Turner, Rufus P, Basic Electricity . 2nd ed. New York; Holt, Rinehart 
and Winston, 3.966* ' ~ 

Turner, Rufus P, Semiconductor Devices . New- Yorkf - Holt, Rinehart , and 

Winston, 1966, 
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USN, Bureau of Naval Personnel, Basic Electricity, Washington; 
Government Printing Office, 1955T ^ 

USN. Chief of Navfl.l Operations. . Aviat j.on Kitafi’hri r;-i aw « w. 
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Sears, Fi'ancis W» Electric Iby and Magnetism . Heading, Mass*; Addisou- 
VJesley Publishing" Company, Inc., 19^-6 • 



Sears, Francis W. Mechanics, Wave Motion and Heat . Heading, Mass.: 
Addison-Wesley Publishing Company, Inc., 195^7” 



Sears, Francis VY« T hermodynamics . 2nd ed» Heading, Mass.: Addison- 

Wesley Publishang Company, Inc., 1955* 

Sears, Francis W. Optics . 3rd ed. Reading, Mass,; Addison-Wesley ' 
Publishing Company, Inc. 19^9* 

Sears, Francis V/., and Zemansky, Mark W. University Physics . 3rd ed, 
Reading, Mass.; Addison-Wesley Publishing Company, Inc., 1963* 

Semat, Henry. Fundamentals of Physics , ^th ed. New York; Holt, 
Rinehart, and V.inston, Inc., 1966. 

Steinmetz, Charles P. Engineering Mathematics. 3rd ed. New York: 
McGraw-Hill Book Co., 191?. 

Stollberg, Robert, and Kill, Faith F. Physics Fundamentals and Frontiers , 
Boston: Houghton Mifflin Co., 1965. 

Stout, Melville B. Basic Electrical Measurements, 2nd ed. Englewood 
Cliffs, W. J.; Prentice-Hall, Inc*; l96o“. 

Struve, Otto; Lynds, Beverly; and Pillans, Helen, Elementary Astronomy . 
New' York; Oxford University Press, 1959 • 

Taffel, Alexander. Visualized Physics . Rev, ed. New York: Oxford 

Book Co. , 1956 . 

Taffel, Alexander- Physics — Its Methods and Meanings . Bostca: Allyu 

and Bacon, Inc., 19^6. 

Tepper, Marvin. Basic Radio Vol. 1 through ,6. New York; John F. 

Rider Publishing Company, Inc., 1965* 

Thomas, George B* Jr, Calculus and Analytic Geometry . 3rd ed, Reading, 
Mass. : Addison-Wesley Publishing Company, Inc TT960. 

Timbie, William H. Basic Electricity for Communications . Rev. by Ricker, 
Francis J. 2nd ed. New York: John Wiley & Sons, Inc., 1966. 

Turner, Rufus P, Basic Electronic Test Procedures . New York; Holt, 
Rinehart, and Winston, I 965 . 

Turner, Rufus P, Basic Electricity . 2nd ed. New York: Holt, Rinehart 

and Winston, 1966"^ 

Turner, Rufus P, Semiconductor Devices . New York; Holt, Rinehart, and 
Winston, I966. 

USN, Bureau of Naval Personnel. Basic Electricity. V/ashington; 
Government Printing Office, 1956^ ~ 

USN, Chief of Naval Operations. Aviation Electrician's Mate's Manual. 
Washington; Government Printing Office, ' 1956, 

VanValkenburgli, Noogar and Neville, , Inc. Basic Electricity (Volumes 1 
through 5)* New York: John F. Rider Publisher, Inc., I95^+, 

VanValkonbnrgh, Noogar and Neville, Inc. Basic Electronics (Volumes 1 
through 6). New York: John F. Rider Publisher, Inc., 1955. 

White, Harvey E. Modern College Physics. 4th ed. Princeton, N, J.; 

D. Van Nostrand Company , Inc , , 1962. 

White, Harvey E. Physics— An Exact Science . Princeton, N. J. : D. Van 

Nostrand Company, Inc., 1959. 
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RECORDING EXPERIMENTAL DATA & MAKING Pl^ELIMINAHY ANALYSIS OF DATA 

III n ■■ H iim ■ I Iiig I M l a ■ I ■ im nrnmw mmm i I ^ m n \m tm mw 

1. Conrglete heading on top of- report; (Provide 3/4" margin on left) 

a) ExiDerinient title. 

b) Date 

c) Neunes in alphabetical order — including official class. 

d) Attendance: j~^ 



0 

0 



on time at beginning of lab session. 
-> present for entire lab session, 
reported 15 minutes late to lab. 



-excused for 20 minutes at end of lab session. 

2. Describe set-ups and procedures via labeled sketches. 

3. Record data with appropriate units in tables. 

4. Make necessary calculations - show all work on data sheet. 

5. Make large labeled graphs 

--tape graphs into report as shown. 

6. Drav/ preliminary conclusions — recheck data if necessary. 

7. Cite references actually used during experiment. 

8. Number pages. 

Note : The adequacj’- of the -preliminary report is determined by the extent to 

v/hich it facilitates the completion of a finished report . Assume that 
the laboratory will not be available after the preliminary repoz't is 
completed, 

SAMPLE PUPIL WORK SHEET 
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KU-) 


Ji-Cvn^ 


Vi 


k UcO 




l.S 


O.lo'V 


H- 


b.olb 


S.b 


O.ISS 



m 
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c) Neunes in alphabetical oi'der— including official class. 

d) Attendance! 

on time at beginning of lab session. 



0-^ 



present for entire lab session, 
reported 15 minutes late to lab. 



^01 — >■ excused for 20 minutes at end of lab session. 
2. Describe set-ups and procedures via labeled sketches. 



5. Record data with appropriate units in tables. 

k. Make necessary calculations - show all work on data sheet. 

5. Make large labeled graphs 

— tape graphs into report as shown. 

6. Draw preliminary conclusions — recheck data if necessary. 

7. Cite references actually used during experiment. 

8. Number pages. 

Note ; The adequacy of the -preliminary report is determined by the extent to 
which it facilitates the completion of a finished report . Assume that 
the laboratory will not be available after the preliminary report is 
completed. 

SAMPLE PUPIL WORK SHEET 



/\vN 

pi' 
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0 -0(^ 
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OTHEH SCHOOLS AND TIffi CURRICULUM 

The APL curriculvim may have to be adapted for other schools- 

It v/as neither desi(jnod to be directly applicable nor could it be 
conceived to fit other echoo3.s without modification* To be effective the 
curriculum must meet the needs of students which vary from school to 
school and of course even within a school* Nevertheless with variation 
the curi'iculum should prove relevant to education elsewhere. In spirit 
it is applicable to all schools. 



While the needs of students primarily determine the content and 
format of a laborator-y course, finances, available equipment, physical 
plant, instructional time allotment, etc*, also require consideration* 
None of these pose insurmountable problems. Probably half of the experi- 
raents in the 1969 sequence can be assembled with minor effort and cost. 
For* example: Exp. ifl ... film strips, projector; :?3<po #2 . a libi'ary; 

Exp. ... nails, washers, pages of a book, meter stick; Exp* #5 
cardboard figures; Exp. #9 phonograph, polar coordinate paper, 
stopwatch; Exp. ;^1^ ... pendulum, clock; Exp. /A6 .*• strips of paper, 
meter stick; Exp. if-2.^ ... assortment of spheres, spring balance; 

Exp, ... model airplane, balance scales; Exp. ... cardboard 

figures, string; Exp. #53. i^5^i ?^^67, /^68, and #69 ... precision 
resistors, ohmmeter; Exp. #62 ... miniature lamps and bases, toy 
train transformer; -Exp. #65 »•« battery, lamp, switches. . 

If a school, as a start, were to offer half as many experiments' 
and if necessary use alternate days for formal insti?uction, reseax'ch, 
report v;riting, etc., a comparable laboratory program could immediately 
be instituted with little difficulty. A going library can be quiclcly 
assembled by borrowing book® from teachers, students, school libraries, 
etc. When APL was offered for the first time, the major portion of 
electrical instruments was borrowed from neighbox-ing schools and 
coTnpanies— -a veritable mother-lode of scientific equixament. 



Even after appai-atus has been gathered, care must be taken in 
scheduling experiments. For example, Exp. #38 "Centripetal Force and 
Acceleration" and Exp. #38 "Projectiles" must both be performed behind 
a portable overhead plastic curtain and hence must, at the verj’’ minimum, 
be ten experiment days apart. Similarly A.viation’s tv:o v/ind tunnels 
which- are used for foixr experiments must be properly scheduled. Exp. #40 
"Torricelli's Law" had to be located at station #5 alongside the 
laboratory’s sink since it requires a constant water supply and ovex-flow 
disposal. For Exp. #50 "Locating Satellites in Space" only stations ■ 
at the ends of the laboratory permitted maximum ranges for .satellites 
suspended from the ceiling. 



The selection and order of experiments will always be. determined 
by the unique needs, interests, and facilities of individual schools. 

At Ayiatioix, content and course organization have undez-*gone major 
alterations during each presentation of APL. At t? very least, this 
curriculum offers a series of tested experiments which can he introduced 
to good advantage in other schools. At best the curriculum will 
encourage others to experiment with the laboratory-research approach 
to education and then to engage in an exchange of ideas profitable to all. 
For, as Aristotle so aptly put it centurie,s ago; 



"Search for truth is in one way 
J~jard 
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conceived to fit other ochoolo without modification* To be effective the 
curriculum must meet the needs of students which vary fx>om school to 
school and of course oven within a school. Nevertheless v/ith variation 
the curriculum should x>rovo relevant to education elsewhere. In spirit 
it is applicable to all schools# 

While the needs of students primarily determine the content and 
format of a laboi’atox'y course, finances, available equipment, physical 
plant, instructional time allotment, etc*, also require consideration* 
None of these pose insurmountable problems. Probably half of the experi~ 
raents in the 1969 sequence can be assembled with minor effort and cost. 
For example; Exp. ?^1 ... film strips, projector; Exp© #2 *. * a library; 
Exp. ... nails, washers, pages of a book, meter stick; Exp* #5 
cardboard figures; Exp. ... phonograph, polar coordinate paper, 
stopwatch; Exp. /^l^t «•» pendulum, clock; Exp, /A6 ••• strips of paper, 
meter stick; Exp. /^27 ... assortment of spheres, spring balance; 

Exp. #44 ... model airplane, balance scales; Exp. #45 ... cardboard 
figures, string; Exp. #55» #54, #67, #68, and #69 ... precision 
resistors, ohmmeter; Exp. #62 ... miniature lamps and bases, toy 
train transformer; Exp. #65 *«* battery, , lamp, awi,tches. . 

If a school, as a start, were to offer half as many experiments' 
and if necessary use alternate da^ys for formal instx’uction, reseax’ch, 
report writing, etc*, a comparable laboratory program could immediately 
be instituted with little difficulty. A going library can be quiclcly 
assembled by borrowing books, from teachers, students, school libraries, 
etc. When APL was offered for the first time, the major portion of 
electrical instrumsrxts was borrowed from neighbox-ing schools and 
conq>anies~~a veritable mother-lode of scientific equipment. 

Even after appai-atus has been gathered, care must be taken in 
scheduling experiments. For example, Exp. #58 "Centripetal Force and 
Accelex'ation" and Exp. #38 "Projectiles" must both be performed behind 
a portable overhead plastic curtain and hence must, at the very minimum, 
be ten experiment days apart. Similarly Aviation’s tv/o v/ind tunnels 
which' are used for foxir experiments must be properly scheduled. Exp. #4o 
"Torricelli’s Law" had to be located at station #5 alongside the 
laboratory’s sink since it requires a constant water supply and overflow 
disposal. For Exp. #50 "Locating Satellites in Space" only stations 
at the ends of the laboratory permitted maximum ranges for satellites 
suspended from the ceiling. 

The selection and order of experiix'snts will always be. determined 
by the unique needs, interests, and facia.ities of individual schools. 

At Aviation, content and course organization have undergone major 
alterations during each presentation of APL. At the very least, this 
curriculum offers a series of tested experiments which can be introduced 
to good advantage in other schools. At best the curriculum will 
encourage others to experiment with the laboratory— research approach 
to education and then to engage in an exchange of ideas profitable to all. 
For, as Aristotle so aptly put it centurie,s ago: 

"Search for truth . is in one way 
hard and in another way easy, for 
. • it is evident that no one can 

master it fully nor miss it 
v/holly, but each adds a little 
to our knowledge of nature and 
from all the facts assembled 
there arises a certain grandeur." 
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COLLEGE ENTRANCE AND SUCCESS ; 

Of the fifty studenta participating in the 1969 APL program, all 
have been accepted by institutions of higher learning; 



Admitted to 

Broolclyn Polytechni c Institute 
”’“"X5 5 " Ae I’onaut ical Engineering 
(3) Electrical Engineering 
(1) Mechanical Engineering 

City College 

Tl^ Electrical Engineering 
(1) Mechanical Engineering 



4 Year Colleg es 

New York Universi ty 

(TTXeronautioXr Engineering 

Prairie View A» ^ M* (Texas) 
nr~ Engineering” 

Pratt Institute 

(T) "EXe c t'r id al Engineering 



City University 
Xl )' ' SEEK Program 



Queen s College 
" . (2) Pre-Engineering 



Florida State University 
(1)" Engin<Tering 



Johnson C» Smith College (N.C.) 
(l) Physics 



Fordham University 

(lT~ Pre-Engineering 

Hunter Colle g e 

( 2 ) Pre -Engineering 

(1) Liberal Arts (History) 



St. John* s University 
(T7- "Pr'^-E ngine e ring . 

(1) Liberal Arts (Political Science) 



• U. S. Airforc e 

Tl) Operation Bootstrap 



Lehman College 
~(JT Pre-Engineering 
(1) Liberal Arts 

Admitted to ^ Year Colle gea 

(All expressing the desire to continue beyond the 2 years and most with 
that option. ) 




Bronx Community College 
( 1 ') Engineering Science 
(1) Mechanical Technology 

Farmingdale & T. College 
(4) EngTneering Science 



Nev/ York City C ommunity College 
(2^ Electrical Technology 
(2) Mechanical Technology 
(1) Chemical Technology 
(1) Pre -Engineering 
(1) Liberal Arts 



Manhattan Community College 
(1) Electrical Technology 

Nev; England Aeronautical Institute 
( 1 ) Aeronautical Technology 



Queensborough Community Colle ge 
(4) Pre-Engineering 
(2) Electrical Technology 
(1) Mechanical Technology 



Unfortunately, the time devoted to developing the APL curriculum has 
prevented an in-depth study of what happens to those students v/ho gain 



Admitted to 

Broolclyn Polytechni c Inotitute 
( 5 )" Ae X'onaut ic al Engineering 
(3) Electrical Engineering 

(1) Mechaxxical Engineering 

City College 

tl EiVc t r ic al Engineering 

(1) Mechanical Engineering 

City University 

Cl)‘ SEEK Program 

Flor ida State University 
(lT~ Engineering 

Fordham University 

nr~ Pre- Engines ring 

Hunter Colie g e 

( 2 T Pre -Engineering 

(1) Liberal Arts (History) 

Lehman College 

(3) Pre-Engineering 
(1) Liberal Arts 



h Year Colleges 

New York U niversit y 

(Xy ToFonauticaT Engineering 

Prairi e View A« & M* (Texas) 

(T) Enginc'erin^g’” 

Pratt Institute 

n^) Erect rical Engineering 

Queen s College 

T^, Pre-Engineering 

Johnson C. Smith Colle^^ (N.C.) 
”~~{Ty~Physic s 

St. John's University 
(Ty‘1Pre -Engineering . 

(1) Liberal Arts (Political Science) 

U . S . Airforce 

Tl) Operation Bootstrap 



Admitted to ^ Year Colleges 

the desire to continue beyond the 2 years and most with 



(All expressing 

that option. ) 

Bronx Community College 
(T) Engineering Science 
( 1 ) Mechanical Technology 

Farmingdale College 

(¥) En’gTneering Science 

Manhattan Community College 
(ly Electrical Technology 

Nev/ England Aeronaut ical Institute 
( 1 ) Aeronautical Technology 



New York City C ommunity College 

( 2 ) Electrical Technology 

(2) Mechanical Technology 
(1) Chemical Technology 
(1) Pre -Engineering 

(1) Liberal Arts 

Queensborough Community College 
WY Pre-Engine e ring 

(2) Electrical Technology 
(1) Mechanical Technology 



TJnf ortunate3.y, the time devoted to developing, the APL curriculum has 
prevented an in-depth study of what happens to those students who gain 
admission to college and to those v/ho enter industry. Perhaps too little 
time has elapsed for a definitive inquiry. Yet, a very favorable report 
comes back from the City College of New York. Of the ten APL graduates 
who. entered the City College School of Engineering in 1967, one left aftei’ 
one and one-half years for the Armed Forces, but nine have just success- 
.fally completed their sophomore year with the follov/ing majors: 

(3) Electrical Engineering 

(3) Mechanical Engineering 
(1) Civil Engineering 
(1) Computer Science 
(1) Oceanography 
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Team Work at the School 

Frank V/oohr, Principal^ Harry Kaset Administrative Assistant; and 
Sidney Rock, Chairman, Mathematics-Science Department, supported this 
experiment in laboratory instruction and generously placed the considerable 
resoui'ces of Aviation High School behind the program. Harry Mertz provided 
laboratory expertise; Edward Pletsch assisted with research; Louis Capriccio 
designed and constructed many of the special devices; and Marian Wick 
contributed typing skill. Students Tai Che\ing and Wing Tam made the 
photographs which kept the materials for ninety one experiments in order 
and made dozens of beautiful candid action shots. 

Maxv/ell J. Mathews continues to be a prime mover of the progra.m even 
in retirement. 

The American Journal of Physics served as a source for some of the 
experiments and for many of the quotations used as introductions to the 
experiments. 

Organizing a curriculum and committing it to print though necessary 
first steps, would in this case yield a mere sequence of experiments with 
explanatory notes. The 160 students who have completed a total of 4,845 
team experiments during the past three spring semesters, put theory to the 
experimental test, patiently uncovered errors, diligently provided instant 
feed back, and ultimately must be credited with imparting life to the 
program. It is a pleasure to cite each of the follov/ing students for his 
contributions to the APL curriculum: ' . 



APL 1967 



M. Abreu 
Re Abreu 
V* Alb it 
G» Alcorta 
M* Alvarez 

C. AtJd.ns, Jr* 
X • Baulaiiu 
D« Berlingieri 
G. Blanchard 
E* Campbell 
E. Cater 

R. Chernick 
G. Chin 



T. Chin- 
J, Colon 
A. Dames 
A. Dickerson 
Jc Eiche^ 

De Eng 
A. Fifes tone 

S. Gancasz 
A. Gee 
C. Giordano 
G. Grossi 
E. Hang 
N. Jaremko 



S. Jung 
P. Lai 
S. Lane 
C . Lee 

L. Ma 

M. Martinez 
R. Me f curio 
J . Montalvo 
G. Neumann 
R. Nizza 

W. Poy 
M. Puttziano 
P. Raanan 



J. Wu 



J. Vasquez 
V/, Walenta 
S, Wan 



M. Schulman 
A» Seibold 
H. Soohoo 
G, Terlecki 
W.e TO-iV 



R* Santiago 
E* Schiavone 



T* Rogers . 
P. Romeo 



APL 1968 



L* Archetti 
V/. Ben 

L. Bisonni 
P. Borkov/sld. 
M* Caballero 
J • Chxn 

J. Clax-*k 
J • Comunale 

M. Czarny 

N* Decanditis 
M* Delei'me 
G* DeLisser 
R. Durante 
A. Eng 
W* Grab© 



J. Graff 
J* Grassi 

P. Hadatschi 
C. Haden 

K. James 

C. Kalinoski 
B* Keels 

D. Itrzyzewski 
P* Laon 

J. Lew. 

S. Mark 

J. Martinez 
J • Masefield 

T. Masser 

A> Masterpalo 



M. McCrawford 
J . Milani 
P* Moy 
P. Moy 
P. Muller 
A. Nachajski 
M. Nadler 
A. Negron 

G. Nizza 

H. Opdal 
P. Paris! 

R, Peterson 
M. Powell 
R. Quinones 
W. Rao 



R* Reiss 

E. Rodriguez 

L. Rojas 
T« Rosa 
R. Sanchez 

G. Sardis 
R. Seissian 
J. Torres 
J. Trabazo 
D. Vaudo 

R. Villavasso 

S. V/hing 

H. Yu 



X'esoul'cea oi' Aviation High School behind the px'ogn’am. Hari'y Mertz provided 
laboratoi'jr expertise? Edward Pletech assiated with research; Louis Capriocio 
designed emd constructed many of the apociaX devices; and Marian Nick 
contributed typing skill. Students Tai Cheung and Wing Tara made the 
photographs which kept the materia3.s for ninety one experiments in order 
and made dozens of beautiful candid action shots. 



Maxv/ell J. Mathews continues to be a prime mover of the program evon 
in retireraent. 

The American Journal of Physics served as a source for some of the 
experiments and for many of the quotations used as introductions to the 
experiments. 

Organizing a c'arriculum and committing it to print though necessary 
first steps, would in this case yield a mere sequence of experiments with 
explanatory notes. The 160 students who have completed a total of ^,8^5 
team experiments during the past three spring semesters, put theory to the 
experimental test, patiently uncovered errors, diligently provided instant 
feed back, and ultimately must be credited with imparting life to the 
program* It is a pleasure to cite each of the following students for his 
contributions to the APL curriculum; ’ . 

APL 1967 




I 



O 

ERIC— 



M. Abreu 


T. Chin' 


S. Jung 


T. Rogers, 


E« Abreu 


J* Colon 


P. Lai 


P* Romeo 


V. Alb it 


A. Dames 


S. Lane 


Ro Santiago 


G. Alcorta 


A. Dickerson 


C. Lee 


E* Schiavone 


M. Alvarez 


J. Eiche^ 


L. Ma 


M. Schulman 


C. Atlcins, Jr* 


D» Eng 


M. Martinez 


A.» Seibold 


X • B^uX^xxd 


A# 


H. Hercurio 


H. Soohoo 


D. Berlingieri 


S. Gancasz 


J. Montalvo 


G» Terlecki 


G. Blanc hai-d 


A. Gee 


G. Neumann 


W.» Tow 


E. Campbell 


C. Giordano 


R. Nizza 


J. Vasquez 


E. Cater 


G. Grossi 


W. Poy 


VI, Walenta 


R. Chernick 


E. Hang 


M. Puttziano 


S. Wan 


G. Chin 


N. Jaremko 


P. Raanan 


J. Wu 




APL 1968 




L. Archetti 


J. Graff 


M. McCrawford 


R. Reiss 


V/. Ben 


J . Grass! 


J. Milani 


R. Rodriguez 


L. Bisonni 


P. Hadatschi 


P. Moy 


L. Rojas 


P. BorkowsldL 


C. Haden 


P. Moy 


T* Rosa 


M* Caballero 


K. James , 


P. Muller 


R. Sanchez 


J. Chin 


C. Kalinoski 


A. Nachajski 


G. Sardis 


J. Clai'k 


B. Keels 


M. Nadler 


R* Seisslan 


J* Comunale 


D* Ilrzyzewski 


A. Negron 


J. Torres 


M« Czarny 


P* La on 


G. Nizza 


Jo Trabazo 


N* Decanditis 


J . Lew. 


H. Opdal 


Do Vaudo 


M. Delerme 


S» Mark 


P. Paris! 


E. VilXavasso 


G* DeLisser 


J. Martinez 


E. Peterson 


So y/hing 


R. Durante 


J. Masefield 


M. Powell 


M. Yu 


A. Eng 


T* Massqr 


R. Quinones 




W« Grab© 


A.. Masterpalo 


W. Rao 




'• 


APL 1969 




C« Abrams 


J. Gagnon 


F. Lee 


H. . Rodriguez 


N. Bisonni 


L. Goodman 


L. Lopez 


M. Rodriguez 


M. Cannizzo 


F. Hager 


6. Madeo 


R. Rodriguez 


R« Caro 


B. Hajdukiewicz 


A. Mora 


A. Eoxo 


E. Carter 


L. Horov/itz 


R. Martinez 


To Smith 


T. Cheung 


J. Irizzary 


A* Mateo 


A. Solomon 


M. Count ouroudas 


M. Jaszcar 


J . Me Ke nna 


W 0 Tam 


C, Crisafulli 


J. Johnson 


J * Mundo , Jr. 


J. Weiss 


K. Eng 


J • King 


R. Nieves 


J. V/eston 


E. Faur 


B. Kiljanski 


M» Oppenheimer 


L. White 


W. Federowiczs 


J. K\ibik 


J. Pendleton 


J * Zlata 


J. Fischer 


E. Kulesha 


M. Petrunia 




T. Fischer 


G» Kumj) 


A. Riddick 
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The APL curriculum was originally intended to be an opportunity 
in advanced study for high school seniors who» V/ith fev/ exceptions, 
had completed the usual high school physics course » Previously cited 
evidence that 9 out of 10 graduates of APL 1967 continue successfully 
at the City College School of Engineering amply demonstrates the value 
of the high school program they selected. However, at Aviation High 
School there exists a long tradition of commencing full time v/ork in 
industry immediately after graduation. With more and more students 
making commitments to higher education, a serious problem has developed 
for the ''borderline" pupil"-who shall be defined as one who can probably 
succeed in college but fears that concentration on college pi'eparation 
may jeopardise his chances to learn a trade and.yet not assure success 
in college. Restated, the dilemma is this: if he does not focus his 

efforts on academic preparation he will probably not go on to college 
or if he should cliange hie mind about college entrance after graduation 
his chances for succes^A diminish because no prior effort v/as made to 
improve his "borderline" status. 




V/ith this in mind, Aviation High School anticipates expanding 
the APL program for the coming year from one semester to tv;o semesters. 
The conventional APL curriculum will be offered for the first time 
during the fall semester and except for a few minor modifications will 
follow the regular experiment sequence. The last experiment ?^91 
"Semiconductors and Rectifiers" will serve as an introduction to a basic 
series of electronic and transistor experiments to begin during 
February 1970* Augmenting previous studies at Aviation with this 
new and practical experience .in the rapidly expanding field of solid 
state physics should reassure the student that his opportunities for 
employment have been enhanced. 



The e::pcrieaces chared by classmates in 12C difrereni; experiments 
v/ill seiwe as a firm foundation upon which to build a sound intuitive 
and physical approach to the ca3 cuius, in the laboratory itself, during 
the remaining three months of the year* Morris Kline’s Calculus will 
set the pace for the class, but emphasis would be placed on preparing 
for the college calculus course rather than trying to replace it* Any 
attempt to teach, a college calculus course in high school to a pupil 
who is expected to have trouble with such a course in college is 
destined for failure since it unwisely makes the student meet the 
difficulty sooner, and at a time when he is less prepared. Brealcing 
the educational lockstep with the double period (90 minutes daily) 
and v;ith an instructor who intimately knows the strengths and wealoiesses 
of his pupils after observing their encounters, with 120 experiments, 
increases the probability of success with "borderline" students. At 
Aviation, to borrovf a phrase, the calculus will be pux'sued with more 
vigor and less rigor* 




In the future, special consideration will be given to students 
who have been unable to pass the traditional physics course and the 
Regents* examination which comes after a full year of study# If they 
wish, they will get another chance to meet physics under pleasanter 

. . j - — - - — n 



in advanced stud 5 '- for high school seniors who» with few exceptions, 
had coniploted the 'asual high school physics course* Previoixsly cited 
evidence that 9 out of 10 graduates of APL 196? continue successfully 
at the City Co3.1ege School of Engineering amply demonstrates the value 
of the high school program they selected* However, at Aviation High 
School there exists a long tradition of commencing full time work in 
industry inunediately after graduation* With more and more students 
making commitments to higher education,. a serious problem has developed 
for the "box’derline" pupil — v/ho shall be defined as one who can probably 
succeed in college but fears that concentration on' college preparation 
may jeopardise his chances to learn a trade and yet' not assure success 
in college* Restated, the dilemma is this: if he does not focus his 
efforts on academic preparation he will probably not go on to college 
or if he should change his mind about college entrance after* graduation 
his chances for success diminish because no prior effort was made to 
improve his ’’borderline" status. 



V/ith this in mind, Aviation High School anticipates expanding 
the APL program for the coming year from one semester to two semesters* 
The conventional APL curriculum will be offered fon the first 'tjjae 
during the fall semester and except for a few minor modifications v/ill 
follow the regular experiment sequence* The last experiment ?^91 
"Semiconductors and Rectifiers" v.'ill serve as an introduction to a basic 
series of electronic and transistor experiments to begin during 
February 1970* Augmenting .previous studies at Aviation with this 
new and px'actical experience in the rapidly expanding field of solid 
state physics should reassure the student that his opportunities for 
employment hr.v’e been enhanced. 
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j ciassmafos in 120 differeni; experiments 



vfill serve as a firm foundation upon which to build a sound intuitive 
and physical approach to the calculus, in the laboratory itself, during 
the remaining three months of the year* Morris Kline’s Calculus •will 
set the pace for the class, but emphasis would be placed on preparing 
for the college calculus course rather than trying to replace it* Any 
attempt to teach, a college calculus course in high school to a pupil 
who is expected to have trouble with such a course in college is 
destined for failure since it unwisely makes the student meet the 
difficulty sooner, and at a time when he is less prepared* Brealcing 
the educational lockstep with the double period (90 minutes daily) 
and v/ith an instructor who intimately knows the strengths and wealmesses 
of his pupils after observing their encounters with 120 experiments, 
increases the probability of success with "borderline" students* At 
Aviation, to borrov/ a phrase, the calculus will be pursued with more 
vigor and less rigor* 



In the future, special consideration will be given to students 
who have been unable to pass the traditional physics course and the 
Regents’ examination which comes after a full year of study. If they 
wish, they will get another chance to meet physics under pleasanter 
circumstances in the 3"' b oratory* The one shot examination is a v/onder- 
ful incentive for somti students, but it is discouraging, oppressive, 
and self-defeating for youngsters v/ith weak backgrounds, poor study 
habits, and/or language difficulties, and who have only x’ecently 
raised their aspix*ational levels. 



At Aviation High School, experimentation is interminable. In 
the words of Winston Churchill: "This is not the end* It is not even 

the beginning of the end* It is rather the end of the beginning." 
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4. 

5. 



11 . 

12 . 

13. 

14. 

15. 

16. 



31. 

32. 

33. 

34. 

35. 



iC 36. 
^37. 
^8. 



SSaSEilS 



Experiment Sequence 
Spring 1969 



(Feb. 4) 



1. Review Physics - Films 

2. Sux’vey Library 

3. Triangulatio:* 

Indirect Measurement 
Approx. Areas 

6. Approx. Volumes 

7. Density - Eegularj Irregular 

8. Density - Lighter than Water, Liq. 



9. 

10 . 



Make and Use Vernier 



(Feb. 12) 



Height Gauge & Dial Indicator 
Length of Molecule 
C/onstants of Proportioneility 
Pendulum I 

Pendulum II (Foucault ) 
Construct Slide Rule 

17. Apply Slide Rule 

18. g and the Inclined Plane 

19. Written Report 

20. Absolute Zero 



(Feb. 26) 



21 . 

22 . 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 



Direct Measurement of g 
Pendulum Velocity & Acceleration 
Atwood’s Machine 



Newton ' s 2nd Law 



Hooke's Law 

Force Vectors 

Centripetal Force 

Centripetal Force & Acceleration 

Written Report 

Momentum 



(l-Iar. 12) 



g via Pendulum 8?. Atwood 
Pulley IMA 

Coefficient of Friction I 

II II II 

Me A. and Efficiency. 

Water 8: Atmospheric Piressure 
Boyle's Law 



(Apr. 16) 



51. 

52. 

53. 

54. 

55. 

56. 

57. 

58. 



Direct & Indirect Time Measurements 59* 



60, 



Drag vs. Shape & Speed 

Lift vSj Speed & Anglo of Attack 

Ohmmeter 

Circuit Resistance 
Ohm's Law 

Resistance via V-A Method 
Factors in 'Wire Resistance 
Kon~Li),ieax' Resistance 
Kirchhoff's 1st Law 
Kirchhoff's 2nd Law 



(Apr. 30) 



61 . 

62. 

63. 

64. 

65. 

66 . 

67. 

68 . 

69. 

70. 



Analyzing Ckt. via Voltmeter 

Trouble Shooting via Symptoms 

V/heatstone Bridge 

Design & Construct Voltmeter 

Design & Construct Sv;itching Ckts, 

Design & Construct Ohmmeter 

Networks & Simultaneous Equations 

71 and T Transformations 

Kirchhoff’s Laws Applied 

Elec trie it y“Heat Energy Conversion 



.(May 3.4) 



71. 

?2c 

73* 

74. 

75. 

76. 

77. 

78. 

79. 

80. 



Electrical Resistance £.- Temp, 
Impedance Matching 
Thevenin's Theori^m 
L Pads and Curves 
Lenz's Law and Transformers 
Magnets & Inverse Square Law 
Int. to Oscilloscope 
Ionic Charge 

Earth's Magnetic Field t 
Coil Magnetic Induction 



Coeff. 



(May 28) 



8lc 

82. 

83. 

84. 

85. 

86 . 

87. 

QQ 



Determine Electron Mass 
Synchro Systems 
RC Constant : 

Relaxation Oscillator 
Vectors & Capacitive Reactance 
Factors in Capacitive Reactance 
Inductive Reactance 






1* 

2 . 

3. 

6 e 

?. 

8 . 

9. 

10 . 



11 . 

12 . 

13. 

14. 

15. 

16. 

17. 

18 . 

19. 

20 . 



21 . 
22 . 
23 c 

ak, 

25. 

26 . 

27. 

28 . 

29 . 

30. 



31. 

32'- 

33. 

3^. 

35. 

36. 

37. 

38. 

39. 

40. 



41. 

'42. 

43. 

44. 
43. 

46. 

47. 
.48. 

49. 

50. 



Kevitnv Physioa ~ Filma 
Sux’vey Library 
Triangulat.ion 
Indirect Measui’eraent 
Approx. Areas 
Approx. Volumes 
Penalty - Kegular, Irregular 
Density - Lighter than V/ater, Liq. 
Direct 8c Indirect Time Measurements 
Make and Use Vernier 



51. Drag vs. Shape & Speed 

52. Lift V3. Speed & Anglo of Attack 

53. Ohmmeter 

54. Circuit Resistance 
55 » Ohm’s Law 

56. Resistance via V-A Method 

57. Factors in V/ire Resistance 

58 . Non-Linear Resistance 

59. Kirchhoff’s 1st Law 

60 . Kirchhoff's 2nd Law 



(Feb. 12) 

Height Gauge 8c Dial Indicator 
Length of Molecule ’ 

Constants of Proportionality 
Pendulum I 

Pendulum II (Foucault) 
Consti'uct Slide Rule 
Apply Slide Rule 
g and the Inclined Plane 
Written Report 
Absolute Zero 



(Feb. 26 ) 



Direct Measurement of g 71 » 
Pendulum Velocity 8c Acceleration 72, 
A.twood’s Machine 73. 
.Newton’s 2nd Law 74. 
Hooke's Law 75. 
Force Vectors • 76. 
Centripetal Force 77. 
Centripetal .Foi’ce & Acceleration 78. 
Written Report 79* 
Momentum 80 . 



(I-Iar. 12) 



g via Pendulum &. Atwood 8 I. 
Pulley IMA 82. 
Coefficient of Friction I 83 . 

" '• II . 84. 
Mr. A, and Efficiency 85 . 
Water 8: Atmospheric Px-essure 86. 
Boyle's Law 8?. 
Projectiles 88. 
Trajectories 89 * 
Torricelli's Law 90. 



(Apr. 30 ) 

61. Analyzing Ckt. via Voltmeter 

62. Trouble Shooting via Symptoms 

63. V/heatstone Bridge 

64. Design 8 c Construct Voltmeter 

65 . Design 8c Construct Switching Ckta, 

66. Design 8c Construct Ohmmeter 

67 . Networks 8c Simultaneous Equations 

68. ' n and T Transformations 

69 . Kirchhoff’s Laws Applied 

70 . Elec tricity- Heat Energy Conversion 

.(May 14) 

Electrical Resistance £: Temp. Ooeff, 
Impedance Matching 
Thevenin's Theorem 
L Pads and Curves 
Lenz’s Law and Transformers 
Magnets 8c Inverse Square Law 
Int. to Oscilloscope 
Ionic Charge 
Earth's Magnetic Field 
Coil Magnetic Induction 

(May 28 ) 

Determine Electron Mass 
Synchro Systems 
RG Constant 
Relaxation Oscillator 
Vectors & Capacitive Reactance 
Factors in Capacitive Reactance 
Inductive Reactance 
Series Circuit Resonance 
Paj.*allel Circuit Resonance 
Fi'equency Measurement 



(Mar. 26) 



(June 13 ) 



Manometer 8« Venturi Tube 
Wind Speed 

Calibrate Torque Wrench 
Center of GraA^ity I (Airplane) 
Center of Gravity II 
Analytic Balance 
Pile Driver 

Spring Vibration Se SHM 
Satellite Orbits & Inv. Sq. Law 
Locate Satellites in Space 



91 . Semiconductors and Rectifier’s 

92 . 

95 . 

94 . 

95 . 

96. ■ 

97. 

98 . 

99. 

100 . 
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APPI.IED PHYSIOS LA BOP AT OPT 




”A picture is worth more than a thousand words.” 

Chi ne G e Proverb 

j 

■" ”V«hat a vanity is painting, which attracts admiration by the 
resemblance of things that in the original we do not admire l” 

Blaise Pascal 



"A thousand woi’ds v/ill not leave so deep an impression as one 



deed. ” 



Henrik Ibsen 



PROBLEM: To reviev/ physics — mechanics using film strips. 



APPARvlTUS ; 
Film viewer 



Special Jv 


120v 


. AC ' 


FILI4S : 


1. 


3042 


2. 


3043 


3. 


3044 


4. 


3004 


5. 


3005 


6. 


3013 


7. 


3014 


8. 


3006 


9. 


3008 


10. 


3007 


11. 


5009 


12. 


5010 


13. 


3012 


14. 


3018 


15. 


3027 


16. 


3031 


1?. 


3041 



REFERENCES : 

1. Dull, Modern Physics 

2. Stollberg, Physics Fundamentals and 

Frontiers 

VMiite, Modern College Physics 



^5easurements and Measuring I 

it H It 

Units of Measurement 
Physics Principles 

u ti 

Laws of Motion 
Newton's Laws of Motion 
Force and Velocity as Vectors 
Vectors — Directed Quantities 
Centripetal force. 

Universal Gravita.tion 
Moments of Force and Torque 
Conservation' of Momentum 
Dynamics -- Bodies in Motion 
Energy 
Ma.chines 

Scientific Measurement 



GATHERING THE DATA : 

1.. Connect film viewer to AC table supply using special plug. 

2. Insert a film of special interest. 

3* Scan entire film. . . ■ . 

4. Reviev/ film as follov/s: 

a) List film title ex. Laws of Motion (3015) 

b) List key definitions, ideas, and principles (according to frame 

number if possible—add pertinent co.mmente). 

Ex. Frame Nev/ton's First Lav/ of Motion 

0 



Conditions : 



= 0 , 



5F = 

y 

c) Answer questions in film strips. 

Ex. Frame’ #32 If mass of 1000 kg is given an accelex-at ion of 10 
meters p>,. r second per second, what is the force? 

F = .ma = 1000 kg x '= IQOOO newtons 



sec‘ 



% 



o 



ERIC 



Blaise Pascal 

’•A tho\isand words v/ill not leave so deep an impression as one 

Henrik Ibsen 



PROBLEM; To reviev/ physics-*-mechanics using film strips* 



APPARjVriJS ; 

Film viewer 
Special AC plug 
120v. AC Ta.ble supply 



FlLi'iS : 



REFERENCES ; 

1. Dull, Modern Physics 

2. Stollberg, Physics Fundamentals and 

Frontiers 

]5* V^hite, Modern College Physics 



Measurements and Measuring I 
ti »• '» II 

Units of Measurement 
Physics Principles 

II II , . 

Laws of Motion 
Newton’s Laws of Motion 
Force and Velocity as Vectors 
Vectors — Directed Quantities 
Centripetal force. 

Universal Gravite.tion 
Moments of Force and Torque 
Conservation' of Momentum 
Dynamics — Bodies in Motion 
Energy 
Ha-chines 

Scientific Measurement 

GATHERING THE DATA ; ' . 

1. Connect film viewer to AC table supply using special plug. 

2. Insert a film of special interest. 

3. Scan entire film. . . • . . 

4. Review film as follows: 

a) List film title ex. Laws of Motion (3015) 

b) List key definitions, ideas , and princ iple s (according to frame 

number if possible—add pertinent comments). 

Ex. Frame Nev/ton's First Law of Motion 

Conditions; ZF = 0: 2F = 0 

X ’ y 

c) Answer questions in film strips. 

Ex. Frame- #32 If mass of 1000 kg is given an accelex'at ion of 10 
meters per second per second, what is the force? 

F = ma = 1000 kg x p '= IQOOO newtons 

sec^ ^ 



1. 3042 

2. 3043 

3. 3044 

4. 3004 

5. 3003 

•6. 3013 

7. 3014 

8. 3006 

9. 3008 

10. 3007 

11. 3009 
12. 3010 

13. 3012 

14. 3018 

15. 3027 

16. 3031 

17 . 3041 



Sm#ViTl0N ; •■ ■ ■ 

1» Which topic was of most interest? Why? 

2. Which film was the most difficult ^.to comprehend? Why? 

3. List advantages - if any ■- of color film over black and white film. 

4. Can a student learn physics via film alone? Explain. 

5. Was this film viewing experience worthwhile? Explain. 

6. If possible, suggest a better way to review physics in a short period of 

time? Justify, 



I 
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APPLIED PHYSICS LABORATORY 




"Boolts are mastera who instruct us without rods,.. or anger... If 
you approach them, they are not asleep; if you seek them, they do not hide^' 
if you blunder, they do n<5t scold; if you are dgnorant, they do not laugh 



at you.'* 



Richard de Bury 



"Books. . .are ready to repeat their lessons as often as we please," 

Chambers 



PROBLEM; To survey the APL library. 



APPAMTUS: 



REFERENCES ; 



The APL library. 



BACKGROUND; 



According to Nathan Grier Parke III in his Guide to the Literature of 
Mathematics and Physics: 



"It is economical of time and mental energy to make a general 
survey of a book before becoming immersed in its details.".... 



'’The preface gives more of a clue to the author’s feelings, 
outlook, and aim ’than any other part of the book. In the pr-eface 
will be found the following kinds of remarks; 



Purpose of the book 

Prerequisites 

Intended class of readers- 

Apologies 

Delineation of' the subject matter 

Chapter-by-Chapter comments 

Pedagogical aims 

Novel features 

Historical remarks 

Warnings 

Hints about ■the reading order 
Philosophical digressions 
Acknowledgements’ and thanks 
Origin of the book" 



GATHERING THE DATA: 



1. Brov^se through the available books. 



2. Arbitrarily decide upon an order of inspection ard then report on each 
book as follov/s; 



a.) List 



Author's last name. Initials, Book Title 
Publisher, City, Date. 



ex. Holton, G. , Foundations of Modern Physical Science 
, Addison-’Wesley Pub. Co., Inc., Reading, Mass., 1958 

b) Read the preface, examine the table of contents, explore the index, 
and scan the book. 



c) Use Parke's preface observations as a frame on which to build your 
brief re-gort. , - — ^ — — — 



"Books. . .are ready to repeat their lessons as often as v/e please," 

C hambers 

PROBLEM ; To survey the APL library. 

A PPARATUS ; _ REFERENCES ; 

The APL library. 

BACKGROUND ; 

According to Nathan Grier Parke III in his G uide to the Literature of 
Mathematics and Physics ; 

"It is economical of time and mental energy to make a general 
survey of a book before becoming immersed in its details."..., 

"The preface gives more of a clue to the author’s feelings, 
outlook, and aim "than any other part of the book. In the preface 
will be found the following kinds of remarks: 

Purpose of the book 
Prerequisites • 

Intended class of readers... . 

. .Apologies 

Delineation of the subject matter 

Chapter-by-Chapter comments 

Pedagogical aims 

Novel features 

Historical remarks 

Warnings 

Hints about the reading order 
Philosophical digressions 
Acknowledgements and thanks 
Origin of the book" 

GATHERING THE DATA : 

1, Brov/se through the available books. 

2. Arbitrarily decide upon an order of inspection and then report on each 

book as follov;s; 

a) List Author’s last name, Initials, Book Title 

Publisher, City, Date. 

ex. Holton, G., Foundations of Modern Physical Science 
. Addison-’A'esley Pub, Co., Inc., Reading, Mass., I 958 

b) Read the preface, examine the table of contents, explore the index, 

and scan the book. 

c) Use Parke’s preface observations as a frame on which to build your 

brief report. 

SUMMATION ; 

1, Categorize the books according to mathematical prerequisites. 

2, Categorize the books according to below, on, or above high school level. 

Do the mathematical prerequisites provide a good basis for making these 
distinctions? 

3 , Which books approach their topics from an historical point of view? 

4, Which, three boolcs do you consider (at this stage) to be the most 

informative and useful? Why? 
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AA/IATION HIGH SCHOOL 




APPLIED PHYSICS LABORATORY 




’’Tho spirit of generalization should dominate a university (and 
a laborat ory ) . o . During the school period the student has beexi 
mentally bending over a de'sk; at the university (and the laboratory) 
he should stand up and look around,'* 

Alfred K, Whitehead 



PROBLEM: To measure the ranges and dimensions of distant objects# 



APPARATUS : 



REFERENCES : 



3 meter sticks 
Paper 

Split image range finder 



1. Stollberg & Hill, Physics , 

■pp.'$6i-2 

2. PSSC, Physics, pp# 24-27 



GATHERING THE DATA: 






ect 



1. a) Place meter stick along edge of lab. table such that 
its center is in line with object at window. 



b) From ends of meter stick, sight along two othex' 



meter sticks to the target as shown, 

c) Measure distance c between meter sticks. 

d) Using similar triangles, determine distance from 
point A to object. (Show calculations) 

e) Directly measure distance to object and compare with 
results due to triangulal 'on, 

2* Measure distance to object using parallax. 

a) Place meter stick a.long edge of lab* table such 
that an end is in line with the object and a 
distant reference point — the Big Six watex’ tower. 

b) Place sheet of paper at other end of meter stick 
and draw sighting line to the object on paper as 
shovm. 

c) Note that sighting to the Big Six water tower is 
still perpendicular to the meter stick. 

(Why isn't this apparent on the adjacent sketch?) 

d) Calculate distance to object 
using similar triangles. 






i » 




% 



m_ 



(to v;ater 
tower) 



1 ' 

/il 



-Fh 

}<_m. 



O*' 






3* Using parallax method, measure distance to sign on 40 Street building. 

4# Determine the height of the object at the window# 

a) ' Mount meter stick vertically at edge of lab. table# 

b) Stand approx. 1 meter from the meter stick 

(carefully measuring this distance) and note |^s-^ 

readings y' and on meter stick. 

c) Use data of steps #1 and ^ 2 . to determine ^ ^ 

distance ^ and then calculate height of object 
using similar triangles— show calculations. 






object 



Calibrate split image range finder with objects at known distances. 

a) Position range finder so, that an object appears ‘»x<— object 

directly above the fixed mirror. | 

b) Adjust arm so that the image of the object in the i 

movable roirrAT aopears in the fixed mirror . direct-, I . ' . 



P ROBLEM ; To measure the ranGoo and dimensions of distant objcctSo 



A PPARATUS ; 

3 meter sticlcs 
X-*aper 

Split image range finder 
GATHERING THE DATA: 



REFERENOE£ • 

1. Stollberg & Hill, Phys ics, 

pp„5SX-a 

2. PSSC, Physics, pp. 



1. a) Place meter stick along edge of lab. table such that 

its center is in line with object at window. 

b) From ends of meter stick, sight along two other 
meter sticks to the target as shown. 

c) Measure distance c between meter sticks. 

d) Using similar triangles, determine distance from 
point A to object. (Show calculations) 

e) DireoTTly measure distance to object and compare with 
results due to triangulation. 

2. Measure distance to object using parallax. 

a) Place meter stick along edge of lab» table such 
that an end is in line with the object and a 
distant reference point — the Big Six water tower. 

b) Place sheet of paper at’ other end of meter stick 
and draw sighting line to the object on paper as 
shovm. 

c) Note that Sighting to the Big Six water tower is 
still perpendicular to the meter stick. 

(Why isn't this apparent on the adjacent sketch?) 

tt) Calculate distance to object 
usixig similar triangles. 




(to v;ater 
tower) 



K- 

|<_m. 

Using parallax method, measure distance to sign on hO Street building. 



0 -- .'_ 7 . 
S ->| 






4-« Determine the height of the object at the window. 

a) Mount meter stick vertically at edge of lab. table. 

b) Stand appx’ox. 1 meter from the meter stick 

(carefully measuring this distance) and note 
readings y and s on meter stick. 

c) Use data of steps and if-2. to determine 
distance r and then calculate height of object 
using similar triangles — show calculations. 

5. Calibrate split image range finder with objects at knovm distances. 






object 



a) Position range finder so. that an object appears 
directly above the fixed mirror. 

b) Adjust arm so that the image of the object in the 
movable mirror appears in the fixed mix’ror direct- 
ly below the object 5.tself. 

c) place mark on tape and. label with appropriate 
distance. 

d) Repeat a. through c for other objects at known 
distajices. 

e) Use split image range finder to measure the 

. distances to various objects in the laboratory 



object 




mxrror 

face 



SUMil^iTION: 



1-, Is method ifL above better for short or long distances? Explain. 

2. In step #3 the parallax reference point does not seem to enter the calcula- 

tions. Explain. . ( plane t)~s.^ 

3. Explain the geometrical optics of the split image range finder. 

Use labeled sketches. 



I] 



4. Explain how the parallax method can be used to measure- 
the distance to a planet. 

5» Will the use of a base larger than a meter stick improve accuracy? 



' I 
1 

r \ 

I t 



o 
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APPLIED PHYSICS LAB0.RAT0K7 



\ 



"I often say that when you can measure what you are speald.ng 
about, and express it in numbers you know something about it; but 
v/hen you cannot express it in numbers, your kiiowledge is of a 
meagre and unsatisfactory kind; it may be the' beginnijig of Imov/ledge, 
but you have scarcely in your thoughts advanced to the stage of 
science, whatever the matter may be." 

Lord Kelvin. 



PROBLEM; To make indirect measurements. 



APPARATUS; 



REFERENCES; 



Triple beajn balance 
#10 washers 

X #20 wire brads 
10ml grad, cylinder 
Medicine dropper 



Meter stick 
Spheres 
Box of BB's 
Liter & Pint 
Square blocks 



2" X 10/32 nut & bolt Graph paper 
BACKGROUND; 



If in measuring a thictoess of .16" an error of .01" occurs, then an error 
of •01"/«l6" = 6% has been made. 

But, if an error of ,01" is made v/hen measuring six *16" thicknesses 
stacked together, then the error is only one of 1%, 



GATHERING THE DATA: 



1, a) Measure washer thickness with meter stick (estimate to part of a mm), 

b) Measure v/asher thiclmess by measuring more than one; . 

f / 

1 t 1 M f 



c) Record data in table; 



Trial 


# of stacked washers 


B-A 


Thickness/washer 


1 


5 






2 


10 







1 1 1 1^1 ■ ■ I 1 1 I 



]mb 



Washer 

thickness 



est. 



2, a) Measure thickness of single shteet of paper in White's Hod. Coll. Physics . 

b) Estimate paper thicloiess by measuring 100, 200, 300 sheets, T. . . . . 

c) Tabulate data in table. 

d) Repeat for Radio Electronic Master sheet. 



3* a) Measure sj»here diameter. 






b) Repeat using square bloclcs. 



lA 



c) Measure sphere diameter by .measuring many: A 




4, Determine volume of a drop of water, 
a) Estimate diameter of falling drop. 

Calculate volume V = | 



y^rrp'jniOp‘nr|-ri 



A-'^'^ B 

5* a) Determine volume of drop of water by measuring the number of drops in 
b) R^eat for 2, 3, 4, ... 



•Mi’lliiTIlilBIffTIILiU 



10 ml 



science! whatevei' the matter ma.y be.” 

Lord Kelvin 



PROBLEM; To make indirect measurements. 



APPARATUS { 

Triple beam balance 
^‘10 washers 

X it-ZQ wire brads 
10ml grad, cylinder 
Medicizae dropper 



REFERENCES ; 



Meter stick 
Spheres 
Box of BB’s 
Liter 8c Pint 
Square blocks 



2” X 10/32 nut 8c bolt Graph paper 
BACKGROUND ; 

If in measuring a thickness of .16” an error of .01” occurs, then an error 
of *01”/*l6” = 6% .-;as been made. 

But, if an error of .01” is made v/hen measuring six *16” thicknesses 
stacked together, then the error is only one of 1%, 

GATHERING THE DATA ; 

1. a) Measure washer thickness with meter, stick (estimate to part of a mm). 



b) Measure v/asher thiclcness by measuring more than one; ^ 

c) Record data in table: I \i . 

I LI ' 






Trial 


of stacked washers 


,B-A 


Thic Icne s s/ washe r 


i 


5 






2 


10 1 












"'ClJ 





c 



! f 



V/asher 

thickness 



est. # 



2* a) Measure thickness of single sheet of paper in White's Mod. Coll. Physics. 

b) Estimate paper thiclcness by measuring 100, 200, 300 sheets, ...... 

c) Tabulate data in table. 

d) Repeat for Radio Electronic Master sheet. 



3* a) Measure sphere diameter. 

lilil il tuzif- 



b) Repeat using square bloclcs. 







c) Measure sphere diameter by measuring many: A 

■J.I U feL* *-jjj 



4. Determine volume of a drop of water, 
a) Estimate diameter of falling drop. 

^ Calcu7/.ate volume V = 



A'-^ B 

5» 8-) Determine volume of drop of water by measuring the number of drops in 
. 1 ml, 

b) Repeat for 2, 3, 4, ... 10 ml. 

c) Record data. 

d) Experimentally determine the number of drops in one pizit; in one liter. 

6. a) Measure the mass of one 1/2” brad. 

b) Measure mass of brad, using average of more than one. 

c) Record data. 

d) Experimentally, determine the number of brads in the box. 

SUI4I-1ATI0N ; 

1. Which sheet of paper was measured more accurately in step above? Why? 

2. Give reasons why successive measurements of the same sphere in step #3 
above differ. 

3. Using data of step what is the best estimate of the diameter of a 
water drop? Explain. 
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"»»»the book of nature ...is written only in the mathematical 
langiAage and the symbols are triangles^ circles » and other geometrical 
figuros, without whose help it is impossible to comprehend a single 
v/ord of it; without which one wanders in vain through a dark labyrinth." 

Galileo 

PROBLEM; To experimentally approximate areas. 



APPARATUS ; 

T7^i"'”graph paper Geometric Figures 
1/10" graph paper Steel rule 
Ohaus triple beam balance 



lUSFERENGBS : 

1 . ' Han dbo ok of Chemistry & Physics 

2. Thomas Calculus & An al ytic 

Geometry ;;^p. 191-195 



O 

ERIC 



GATHERING THE DATA ; , ’ ' ■ • ‘ ' 

Xii a) Randomly place the rectangle on the 1/4" graph paper. 

b) '. With a sharp pencil^ carefully trace the rectangle shape on the graph 

paper. . 

c) Count the comjjlete squares contained within the rectangular form. 

d) Count the incomplete squares which are half or more than half within 

the rectangle’s boundaries. 

e) Add the numbers counted in c and d, calculate the area of the rectangle, 

and insei't result in tabl^. 



2. Repeat step ,-^1 using 1/10" graph paper. 

3* Measure the sides of the rectangle and calculate area using formula. 
4. Repeat steps 1, 2, and 3 for the following objects; 



Object jjl/4" area 


1/10" area 


Formula - area 


Area via mass 


Right triangle 










Isosceles triangle 










Equilatei’al ti’iangle 








— 


Obtuse triangle 










Paral 1 e 1 o gram 










Trapezoid 










Quadrilateral (irregular) 










Hexagon 










Octagon 




1 ■ ■ 




Irregi’lar Polygon 










Circle 




i 






Irregular shape 




1 







3. Measure the mass of the rectangle. 

6. Measure the mass of each object and determine its area using; 

area of object = rectangle) x (mass of object) 

(mass of rectangle) 

SUMMATION ; 

1. Compare 1/10" and 1/4" graph paper results. Which is more accurate? Why? 

2. Disc^iss the advantages of placing a regular geometric figure symmetrically 



Galileo 



O 
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PROBLEM ; To experimentally approximate areas. 

REFERENCES: 



APPAMTUS i 

i7^i'""^eraph paper 
1/10'‘ graph paper 



Geometric Figures 1. Handbook oi; Chemistry & Physics 

r\u „ 4 -.,.;v.T 1 . V. rule 2 Thomas Calculus & Analytic 

Ohaus trxple beam balance — s r ■lr^L- 

Geometry pp, 191-195 



GATHERING THE DATA ; ’ ' 

1. " a )' Randoi^^y place the rectangle on the i/4'* * graph paper. 

b) '. With a sharp pencil, carefully trace the rectangle shape on the graph 

paper, 

c) Count the complete squares contained within the rectangular form. 

d) Count the incomplete squares which are half or more than half within 

the rectangle's boundaries. 

e) Add the numbers c;ounted in _c and d, calculate the area of the rectangle, 

and insert result in table. ” 

2. Repeat step #1 using 1/10" graph paper. 

5* Measure the sides of the rectangle and calculate area using formula. 

4. Repeat steps 1, 2, and 3 for the following objects; 



Object 


1/4" area 


1/10" area 


Formula ■ area 


Area via mass 


Right triangle 










Isosceles triangle 










Equilatex-al ti'iangle 










Obtuse triangle 










Pai-alle 1 o gram 










Trapezoid 










Quadrilateral (irregular) 










Hexagon 










Octagon 










Irregular Polygon 










Circle 










Irregular shape 











5» Measure the mass of the rectangle. 

6. Measure the mass of each object and determine its area using: 

area of object = rectangle) x (mass of object) 

(mass of rectangle) 

SUMMATION ; 

1. Compare 1/10" and 1/4" graph paper results. Which is more accui*ate? V/hy? 

2. Disciiss the advantages of placing a regular geometric figure symmetrically 

on a set of perpendicular axes, 

3. Justify, mathematically, the equation used in step 7/^6 above. 

4. Under v/hat conditions can the mass-area method be used? 

Were these conditions met in this experiment? 

5. Explain how you could determine the area of figure A. 

6. V/hat Icind of mathematics can be used to determine 

• 'the area of figure A? 

7* Of the area methods used, which one do you prefer? 

Why? 
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"Pi'oof is an idol before whom the pure raathoniatician tortures 

himself. In physics we are generally content to sacrifice before the 

lesser shrine of plausibirity . 

^ A. Eddington 



PROBLEM ; To calculate and to experimentally approximate volumes. 



Balance 

500 cc beaker 

Medicine dropper 



APPAl^VTUS ; 

Geometric .Solids 
Buret and funnel 
6" metric rule 
Metric micrometer 
Support stand & buret clamp 
25 & 50 ml graduated cylinders 

GATHERING THE DATA: 



REFERENGS.S ; 

H andbook of Chemistry g.; Physics 

2. Encyc lopaedia Bi’i tannic a 

C'se’e — mensuration) 

5, Thoma.s, Calculus pp. 996-7 



1. Check volume of each solid by water displacement. Use most a ccurate method 
a) check original 



water level 



A 



b) check level 

after solid 
has been 
inserted 




or 



IK 



(insert results in table) 

2o Accurately measure solids and calculate 
their volumes according to formula, 

3« Measure the mass of the cube, and use 
its easily calculated volume to determine 
the volumes of the other solids as follows: 



lO 



A 



D 



XI. 



a) add accurately 
measured water 
from buret, C 

until water level 
reaches ecosily 
read mark on 
grad, cylinder 
volume = D-C 



volume of solid = 



(vol, of cube) X (mass of solid) 



(mass of cube) 

k. Repeat steps #1, 2, and 3 for each object and insex’t results in table: 



Gfe OiiiG 1/ X'iC SoXxd. jVoX* by 1/ 


1 - V - 

V Ux • 0^ X' UxiilUXCt 


-o > i 

\i oX# i-iciSS 1 


Cube 








Square Prism 








Rectangular Prism 








Rt. Angled Triangle Prism 








Equilateral Triangle Prism 








Hexagonal Prism 








Octagonal Prism 








Cylinder 








Sphere 








Hemisphere 








Truncated Cylinder 








Cone 








Frustum of a Cone 








Truncated Cone 








Pyramid 








Tetrahedron 








Octahedron 








Dodecahedron 









PJ.^Ur)}jl'iM : To calculate? and to expex'imontally approximato volumeci^ 

APPAMTUS; REFERENCES s 



Balance 

500 cc beaker 

Medicine dropper 



Gooraetrlc Solids 
Buret and funnel 
6" metric rule 
Metric micrometer 
Support stand & buret clamp 
25 & 50 ml gi’aduated cylinders 

GATHERING THE DATA: 



00 k of C he mis try Physics 

2, Encyc lopaedia Britannicci 

(see — meixsuration) 

3 . Thomas, Calculus pp. 996-7 



1. Check volume of each solid by water displacement, ^e most accurate method 
a) check original 



water level 



A 



b) check level 

after solid 
has been ^ 
inserted B' 



or 



IK 






(insert results in table) 



iD 



D 



a) add accurately 
measured water 
from buret. C 

until water level 
reaches easily 
read mark on 
grad, cylinder 
volume = D~C 



2o Accurately measure solids and calculate 
their volumes according to formula. ■ 

3« Measure the mass of the cube, and use t 

its easily calculated volume to determine 
the volumes of the other solids as follows; 

volume of solid = 

(mass of cube) 

4, Repeat steps #1, 2, and 3 for each object and insex't results in table: 



GfcOiiie'bi'ic 3olxd iHToX* by DispXciCtfni6iit 


1 ^ ^ 

V Oi-« 0^ X* 01‘iauxoL 


V ol* hy Mass j ( 


Cube 








Square Prism 








Rectangular Prism 


. 






Rt. Angled Triangle Prism 








Equilateral Tria.ngle Prism 








Hexagonal Prism 








Octagonal Prism 








Cylinder 






* 


Sphere 








Hemisphere 








Truncated Cylinder 








Cone 








Frustum of a Cone 








Truncated Cone 








Pyramid 








Tetraliedron 








Octahedron 








Dodecahedron 








Icosahedron 






1 


Ellipsoid 






■"■■■ — — ] 


Oblate Spheroid 








SUMMATION: 

1. Which raethad for volume determination was preferred? V/hy? 

2. What conditions must be met before the mass-volume method is applicable? 

Wei'e these conditions met in this experiment? 

3» Which v/ater displacement method was most accurate? V/hy? 
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"Science is cleai'ly a way of solving probleras~~not all px'olaleras, 
but cx lai'ge class of important, and x^ractical oneso The problems with 
which it can deal are those in which the prodeminant fcictors are 
subject to the basic laws of logic and are for the most part 
measurable." 

Wai-ren Weaver 



O 
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PROBLEM; To determine the densities of regular and irregular objects. 

REFERENCES: 



APPARATUS ; 

Graduated cylinders 
Test specimens 
Medicine dropper 
Triple beam balance 



6" metric rule 
5Q0 cc beaker 



1. Taffel, Visualized P hysics, 

p;^ 

Stollberg, Physics Fundamentals ^ 

pp. 202~:5 

3. White. Modern College Physics , 

■ ■' p. 185 

k* CRC, Handbook of Physics and 

Chemistry 

GATHERING THE DATA ; (DO NOT DROP OBJECTS THROUGH GRADUATED CYLINDERS ) 

1. Determine the densities of regular objects, by taking their dimensions 
and masses and by applying geometric and density formulas. 



Object 


Mass 


Base Area 


Height. 


Volume 


Density = U/V 


A1 












A2 






















, et^T^n 











Determine the densities of irregulax’ objects. 

a) Fill appropriate graduated cylinder ivith water 
to mark a» 

b) Insert irregular object and note new water 
level lb. 

c) Insert data in table and calculate density. 



4- a 









Object 


Mass 


Vol. _b 


Vol. a. 


Object's Volume 


Density = M/V 


B1 












B2 1 












1 












etc. 









3« a) Determine the density of, small objects, using more than one to improve 
the accuracy, of measurement, 
b) Identify matei'ials using density table. 



Objects 


Number 


Mass 


Volume 


Density 


MateriSLl 


Table Density 


v/ashers 














nuts 
















'"'X 
















1 -- 








rivets 




LZZ 









r 



llJJ'oUJMUlU J 



V/arren Weaver 



PROBLEM ; To determine the densities of regular and irregular objects. 



APPARA TUS; 

Graduated cylinders 
Test specimens 
Medicine dropper 
Triple beam balance 



6'* metric rule 
5P0 cc beaker 



REFERENCKS ; 

1. TaffoT, Visua2 . ized Physics, 

Pin 5-V 

Stollberg, Physics ITun dam entals , 

pp»" 'R02"3 

3» White, Modern College Physics, 

"p7~l85 

4. CRC, Handbook of Ph y sics and 

C'hemisti'y 

GATHERING THE DATA ; ( DO NOT DROP OBJECTS THROUGH GRADUATED CYLINDE.RS ) 

1. Determine the densities of regular objects, by taking their dimensions 
and masses and by applying geometric and density formulas. 



Object 


Mass 


Base Area 


Height. 


Volume 


Density = M/V 


A1 












A2 



















■ 






etc. 1 


[f-'Tl 









2. Determine the densities of irregulax* objects. 

a) Fill appropriate graduated cylinder with water 
to mark a. 

b) Insert irregular object and note new water 
level Jb, 

c) Insert data iu table and calculate density. 



4- a 






4-b 



Object 


Mass 


Vol. _b 


Vol. a, 


Object's Volume 


Density = M/V. 














B2 
















" — , 


^ 




1 ' ^*1 






1 etc. 











3* a) Determine the density of. small objects, using more than one to improve 
the accuracy, of measurement, 
b) Identify materials using density table. 



Objects 


Number 


Mass 


Volume 


Density 


Material Table Density 


washers 














nuts 


































rivets 




1 











SmW.TION ; 

1. Can liquids other than water be used for the displacement method? Explain. 

2. What property must an object possess before the displacement method is 
. • applicable? 

5« Discuss the advantages and disadvantages of the displacement method for 
measuring volumes and densities. 

4, Using the density equation and the triple beam balance, determine the 
volumes of the irregulax* metal sheets. 



Sheet 


Mass 


Table Density 


Volume 


aluminum 








bronze 






















aiuc 




T 
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"Whenever anything does not succeed the first time, the 
student should try it again; but he should not try thoughtlessly, 
on-the mere chance of bot'ter luck next time; 'be should endeavor 
by careful consideration to find out the cause of his ill success," 

Adolf We inhold 



PROBLEM ; To determine the density of irregular objects lighter than v/ater 
and to detei-mine the densities of liquids. 



APPARATUS ; 

Graduated cylinders 
Test specimens 
Gram "wt" set 
Triple beam balance 
Medicine dropper 



GATHERING THE DATA; 



500 cc beaker 
Funnel 
Paper* towels 



REFERENCES ; 

1. Taffel, Visualized Phy sics, 

PP*^ S-Y, W-16 

2» White, Mode rn C ollege Physics, 

• ■ pp\' lbY-8 ■ 

3» CRC,.. Handbook of Chemistry and 

Physics 



1, Determine the densities and volumes of several standar’d masses: 









< — b 


=ii 








rrr: 




|4 







Mass 


Vol, b 


Vol. a 


Object Vol, 


Density = M/V 


50 bgm 










j200gm 










^ 








IOOkJ 




1 


— _ ■■ 



2. Determine the densities of objects- lighter than water; 

— b 



r- 



i1 



Object 


Vol. _b 


Vol, ^ 


Volume 


Mass 


Density = M/V 


W1 












W2 


















^ J 






i 









-9 4- *v ! 

V„ W k I 


i 


i L . j 



t i 



3 ® Determine the densities of liquids: 

<Sr~-empty iv^'^a-ccurate vol. 

10ml § of liquid 

grad, being 

cyl, ij tested 



(thoroughly clean out grad, 
cylinder with detergent after 
each test— rinse thoroughly 
and dry) 



Liquid 


Total 

Mass 


Cylinder 

Mass 


Liquid 

Mass 


Liquid 

Volume 


Density = l^l/V 


LI 












L2 
















r>v ^ 1 


1 ^ — 


^ ^ 


etc, j 












Adolf Weinhold 



PROBLEM ? , To determine the density of irregular objects lighter than v/ater 
and to detei'mine the densities of liquids. 



Paper* towels 



APPARATUS : 

Graduated cylinders 500 cc beaker 
Test specimens Funnel 

Gram "wt” set 
Triple beam balance 
Medicine dropper 



GATHERING TIUE DATA.* 



REFERENCES ; 

1. Taffol, Visualised Physic s, 

'pp , 61?, 1 6 

2. White, Modern College Physics , 

ppT~T57-^ 

3* CRG, . Handbook of Chemistry and 

Physics 



a 




1, Determine the densities and volumes of several standard masses; 



Mass 


Vol. b 


Vol. a 


Object Vol. 


Density = M/V 


500 gm 










200gm 






















lOOffml 




i 


I 



2, Determine the densities of objects' lighter than water; 

b 



f<5‘. 

i1 



^'-a 






Object 


Vol. jo 


Vol. ^ 


Volume 


Mass 


Density = M/V 


wT ~ 












_W2_ 


























I I 



5, Determine the densities of liquids; 

accurate vol. 
of liquid 
being 
tested 





<Sr~empty 






10ml 


-•1 




grad. 


zi 




cyl. 





(thoroughly clean out grad, 
cylinder with detergent after 
each test— rinse thoroughly 
and dry) 






Liquid 


Total 

Mass 


Cylinder 

Mass 


Liquid 

Mass 


Liquid 

Volume 


Density = hV'V 


LI 












L2 
















\ / -vj 







^ 






etc. i 


— 









SUM'^ATION ; 

1, a) Determine the mass, volume, and density of the cork* 

b) Calculate the mass of a cork sphere 1 meter in diameter. 

c) Calculate -fehe v/eight, in pounds, of the 1 meter diametei* cork. 

2» Explain how an unknown liquid can be identified via its density, 

5* a) Determine the density of the liquid in the vial. 

DO 1^ OPEN ! ! 

(Duplicate vial available for computations) 
b)' Identify liquid. 

4. Explain how the density of a gas can be determined. 
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*'\7hafc then is time? If no one asks me, I know; if I v/ant to 

explain it to a questioner, I do not know.” «... j • 

-•• ~ ■* St. Augustine 

'•Time is what happens when nothing else happens.” 

Richard Feynman 



PROBLEM ; To make dii'ect and indirect time measurements. 

REFERENCES: 



1. PSSC, Teachers Guide I 



APPAMTUS t 

Record turn table Stop watch 
. ■ . Record 

Iron stand 8c arm Steel ball 

Ball drop fixture Tape 

2 meter sticks 

Polar coordinate 8c graph paper 
GATBERIHG THE DATA ; 

1* a) Time pulse for 20, 40, 60, 80, 100 beats — record in table, 
b) Calculate time/beat. 



Pulses 


Time 


Time/pulse 


20 






^0 







iroix 

stand 



2. Drop steel ball 2 meters and time. 
(Use average of 10 trials. ) 

3« Di'op steel ball 1 foot and time. 

4* Di'op steel ball 1 foot and time 
indirectly using record turn table 
and polar coordinate paper; 

a) level turn table 8; mount arm 
so that ball is free to drop 
through slot. 

b) tape polar coordinate paper to 
fixture, cover with carbon paper. 

c) rotate fixture very slowly, let 

ball drop and mark polar 
coordinate paper.- 

d) reinsert a ball in arm, permit 
•table to turn at 16RPM— check 
for accurate RPM with stop watch. 



2 m 







(to he ptilled out 
when ball is to drop 
tlirough slot) 



,polar coordinate 
j/ . paper taped in 
place— covered 
with carbon 
er. 



e) pull out cardboard sheet just before slot— ball will drop vrhile table 
turns and make an impression on polar coordinate paper indicating 
angle 0 through which table has turned while ball falls straight down. 

f) repeat steps Jb through _e_ several times: record data in table. 

g) compute falling time; ' ^ 



t(oec) - jgQ X RPM)’ 



Q Using meter stick, stop watch, and turn table, determine the average 
ERIC distance between the grooves of the phonograph record. 



MMilffiffTIILU 






Richai’d Pt geynman 



PROBMM: To make divect and indirect time meaauremente<. 

REFERENCES : 



APPARATUS ! 

Record turn table 



Stop watch 
Record 
Steel ball 
Tape 



1* PSSC, Teachers Guide I 



Iron stand & arm 
Ball drop f lecture 
2. meter sticlos 

polar coordinate 8c graph paper 
GATHERING THE DATA ! 

1. a) Tirae pulse for 20, ^0, 60, 80, 100 beats— record in table, 

b) Calculate time/beat. 



Pulses 


Time 


Time/pulse 


20 ^ 






1^0 1 


■ ,1.-. 





xron 

stand 



2m 



2. Drop steel ball 2 meters and time. 
(Use average of 10 trials. ) 

3« Drop steel ball 1 foot and time. 

Drop steel ball 1 foot and time 
indirectly using record turn table 
and polar coordinate paper: 

a) level turn table Sc mount arm 
so that ball is free to drop 
through slot. 

b) tape polar coordinate paper to 
fixture, cover with carbon paper. 

c) rotate fixture very slowly, let 
ball drop and mark polar 
coordinate paper. 

d) reinsert a ball in arm, permit 
• table to turn at 16RPM— check 
for accurate RPM with stop watch. 




(to be pulled out 
when ball is to drop 
tlirough slot) 



,.polar coordinate 

paper taped in 

place-— covered 
with carbon 
psp er . 



e) pull out cardboard sheet just before slot-ball will drop v/hile table 
turns and make an impression on polar coordinate paper indicating 
angle 0 through which table has turned v/hile ball falls straight down. 

f) repeat steps _b through _e_ several times: record data in table. 

g) compute falling time: ' 



t(oec) = ^ X 



Using meter stick, stop watch, and turn table, determine the average 
distance between the grooves of the phonograph record. 



SUMMATION : 

1. a) How consistent is pulse beat? 

b) V/hioh of the pulse measurements is most accurate? 

c) Is the pulse beat good enough for timing velocity and acceleration of 

falling bodies? 

2. a) Mathematically justify equation in step #4-g above, 

b) Sho.7 in detail how other turn ta.ble speeds can be used to time fa.lling 
ball, 

o) For accuracy, which speed is best? 

3» Explain in detail how average distance between record grooves was 
determined. 
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APPLIED PHYSICS LASOl^ATGRY 




"Nothing tends so much to the advancement of knowledge as the 
application of a new instrument. The native intellectual powers of 
men- in different times are not so much the caxises of the different 
successes of their labours, as the peculiar nature of the means and 
artificial resources in their possession." 

Humphry Davy 



PROBLEM : To construct a vernier and to make measurements using verniers, 

REFERENCES : 



APPARATUS; 



Vernier micrometer 
Vernier caliper 
Aluminum block 
Aluminum calipers 
Aluminum strips 
Ball bearings 
Nichrome wire 
V/hite paper strip 



Steel scale 

Compass 

Tape 

Lined paper 
Recessed shaft 
Plug gauges 
Triangle 



1, PSSC, P hysics , pp. 

2, Brown & Sharpe, C atalog 
Encyclopaedia Britannica, 



30-1 



see; vernier 



BACKGROUND; 



On the micrometer vernier; 
n divisions on vernier scale 
thus n (v)<S, 

length of vernier division 



(n-1) divisions on main scale 
(n-1) L-^ 

. length of main scale division 



PROCEDURE; 



1, Make a vernier caliper 

a) tape 1/2" x 7 1/8" paper strip*, with 
carefully marked 1/2" graduations. 




. (^) mark off 10 spaces on lined 

paper. 

c) draw 4-14" arc 



f 



6 “ 



I 



I i 
~1 



I 

S 



-TT 

>0 



e) tape vernier in place with zeros 
carefully aligned. 



2, Measure aluminum strips with 

constructed. vernier caliper and list 
measurements in table; 



strip 


inches 


A 




etc. 






with Centex- 
at beginning 
of 10 spaces 
intersect- 
ing at end of 
spaces as 
hov/n. 



construct 
vernier scale 
as shown. 



3, Measure ball bearing diameters with vernier micrometer, 
(use average of 5 measurements--each member) 

4* Repeat step //3 using vernier caliper and measuring; 
a) to nearest 1/128" 

K . *1 



iruM 



m 



urtii'xcial resources in bijeir possession. 



Humphry Davy 



PROBLEM; To con.struct t\ vernier and to make measurements using vei'niers. 



APPAMTUS ; 

Vernier micx'onieter 
Vernier caliijei- 
Aluminum block 
Aluminum calipers 
Aluminum strips 
Ball bearings 
Nichrome wire 
V/hite paper strip 

BACKGROUND: 



Steel scale 

Compass 

Tape 

Lined paper 
Recessed shaft 
Plug gauges 
Triangle 



REFERENCES ; 

1. PSSC, P hysics , pp. 

2, Brown & Sharpe, Catalog 

3« Encyclopaedia Britannica , 
see: vernier 



30-1 



On the micrometer vernier: 

n divisions on vernier scale = (n-1) divisions on main scale 
thus n (v)'<^ = (n-1) L 

length of vernier division . length of main scale division 



PR0CEDU1U5 ; 

1. Make a vernier calipei' 

a) tape 1/2" x 7 1/8" paper strip*, with 
carefully marked 1/2" graduations. 




2." 



3 " 



r 



y 



I 

s 



I I 

lol 



e) tape vernier in place with zeros 
carefully aligned, 

2. Measure aluminum strips with 

constructed. vernier caliper and list 
measurements in table; 



strip 


inches 


A 




etc. 





^b) mark off 10 spaces on lined 

paper. 

■ c) d.raw arc 

with center 
at beginning 
of 10 spaces 
intersect- 
ing at end of 
spaces as 
hov/n. 



construct 
vernier scale 
as shown. 







Measure ball bearing diameters with vernier micrometer. 

(use average of 5 measurements — each member) 

Repeat step using vernier caliper and mea.suring: 

a) to nearest 1/128" 

b) to nearest 0,1 mm 

5. Measure plug- gauges for taper using vernier raicrometer--tabulate findings, 

6« Measure de^pth of hole in recessed shaft. List in table in ordei” of. 

7» Measure aluminum block using appropriate instruments. magnitude, 

. Complete tojj and side vievjs. 

'~1 



top 



Include all dimensions required for manufacture. 
SUMM/iTION: 



1 I... 



front 




side 



1. To how many decimal places can the constructed caliper measure? 

2, y/hat geometrical construction was involved in procedure step ,^1? Why? 

3« Of the instruments used, v/hich was: a) the most accurate? 

b) the most versatile? 

4. Check hair thicloiess of; student A ; student B ; student C 

Check nichrome wire thickness. 



O 

ERIC 



66 






<1 



Sto.tioxi 



67 




AVIATION HIGH ,SGH-OOL 






Team 



11 



APPIJND PHYOICS LABORATORY 



V 






’•One of the foundation stones of science is man’s faculty for 
measurement... Some have even said that science ^ measurement." 
— Edward Condon 



ERIC 



PROBLEM; To prsclsely check the dimensions of a machined plate using plug 
gauges, a vernier height gauge, and a dial indicatoi’. 



APPARATUS; 



REFERENCES : 



Height gauge 2 C clamps 

Dial indicator Angle . plate 

Machined plate Ruler 

Surface plate Plug gauges 

Plastic hammer 



GATHERING THE DATA; 



1. Make an approximately full-size 
tracing of the "numerical control" 
machined plate. 

2, a) Thoroughly clean surface and 

angle plates, and bottom of 
surface gauge. 

b) Loosely mount machined plate 
on angle plate with C clamps 
such that edge x is approx. 
Ijarallel to the surface plate. 

c) Open screws 1 and 2 and slide 
vernier scale & dial indicator 
down until indicator nib just 
touches edge x. 

d) Tighten screw 1 and turn 

fine adjustment 3 until / 



li 



On. 



g.5 



h'i 








T 

; 






— 




edge X- 



needle registers several 






o 



0.0. o 



CZJ 



o 



o 

o o 



thousandths — turn indicator dial face to zero and move height gax’ge so 
that it indicates parallel edge x. 

— tap v/ith plastic hammer to secure parallel edge. 

--tighten plate in place when edge x parallel to surface plate. 

e) Reset dial face and indicator nib for deflection indicating zero. 

f) Read height gauge and. record reading. 



Note ; the relative positions of the indicator and vernier slide with 
respect to each other must not be disturbed during remainder of 
checking. . . • . 



g) Open screw 1 and roughly adjust vernier slide and indicator until 
indicator nib fits into hole # 1 , 

h) Tighten screw 1 and fine iidjust screw 3 until dial indicator reads zero 
at bottom of hole #l--move height gauge to assure that bottom of the hole 
is being checked. 

i) Read and record height gauge reading, subtract from reading in step _f. 
--this is the dimension betv/een hole bottom and edge x. 

j) Check hole size with plug gauge and subtract half this measurement 

(i.e. hole radius) from step i reading— this yields dimension from edge x 
to the center of hole #1. ' 

.t. 1. .! — i.*.. .y. n ^ •, . - — — 1 — 1 



r 



o 
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edge 



D 



O. Q 

• C 



O 



3 



o 



o 

o o 



PKOBLDH ^Q?^pro^ifcIeTych dimcnsionc of a machined plate using plug 

gauges, a vernier height gauge, and a dial indicator, 

APPA1^\TUS ; RtiFERENCES ; 

Height gauge 2 0 clamps 

Dial indicator Angle plate 

Machined plate Ruler 

Surface plate Plug gauges 

Plastic hammer 

GATffi]RING THE DATA ; 

1. Make an approximately full-size 
tracing of the "numerical control" 
machined plate, 

2. a) Thoroughly claai, surface and 

angle plates, and bottom of 
surface gauge, 

b) Loosely mount machined plate 
on angle plate with C clamps 
such that edge x is approx, 
parallel to the surface plate, 

c) Open screws 1 and 2 and slide 
vernier scale & dial indicator 
down until indicator nib just 
touches edge x, 

d) Tighten screw 1 and turn 

fine adjustment 3 until / 
needle registers several 
thousandths— turn indicator dial face to zero and move height ga^l'.ge so 
that it indicates parallel edge x. . 

—tap with plastic hammer to secure parallel edge, 

—tighten plate in place when edge x parallel to surface plate, 

e) Reset dial face and indicator nib for deflection indicating zero, 

f) Read height gauge and record reading. 

Note ; the relative positions of the indicator and vernier slide with 
^ respect to each other must not be disturbed during remainder of 

checking, 

g) Open screw 1 and roughly adjust vernier slide and indicator until 
indicator nib fits into hole #1. 

h) Tighten screw 1 and fine adjust screw 3 until dial indicator reads zero 
at bottom of hole #1 — move height gauge to assure that bottom of the hole 
is being checked. 

i) Read and record height gauge reading, subtract from reading in step U 
—this is the dimension between hole bottom and edge x, 

j) Check hole size with plug gauge and subtract half this measurement 
(i.e, hole radius) from step i reading — this yields dimension from edge x 
to the center of hole #1, 

k) Enter this answer on full 'size sketch as follov^s; T 

—specify size to closest thousandth of an inch. 






JL 



3* Repeat step -^2 for holes 2, 3* 5» 6, 7» and 8, 

ki, Turn angle plate so that edge y is parallel to surface plate 
and repeat steps ?^2, and #3 for holes 1,2,3, k, 5 | 0 , 7, and 8, 






SUMMATION ; 

1, Devise a niethod for checking step dimensions. Explain, 

Implement method and record dimension's on full-size sltetch, 

2, Devise a method for checking slot v/idth and determining the center locations 
of the slot’s end radii. Explain, 

Implement method and record dimensions on full-size sketch. 
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APPLIED PHYSICS LABORATOKY 




"Audiences love simple experiments and, strangely enough, it is 
often the advanced scientist who is moat delighted by them." 

~ • Lav/rence Bragg 



PROBLEH; To experimentally determine the length of a molecule. 



APPARATUS: 



REFERENCES: 



Medicine dropper 
25 ml grad, cylinder 
Table power leads 
Parabolic light source 
0.5% oleic acid solution 
Lycopodium powder & shaker 



Ripple tank 
12 V. DC 
Graph paper 
1000ml ■ beaker 
Level 



1 . So ge r s , Physics for the Iriquir- 
ing Mind, pp. 100~5 
pp. 141-5 



2. PSSC, Physics ,' 

5. PSSC, Lab. Guide Physics , 

p. 10 

4. Taffel, Lab . Manual , pp. 91-93 



GATHERING TEE DATA: 



(Parallel light source) 



1. Level ripple tank. Parallel light 
source above its center. 




2. Determine the volume of 1 drop of oleic 
acid solution. (Use water) 

—place many drops in the graduated cyl., 
accurately measure total volume and 
count number of drops. 

—calculate volume for 1 drop. 

3* From solution specifications, determine the actual, volume of oleic acid in 
a dx’op of the solution. 

4. a) Fill ripple tank with clean water to a depth of approximate.ly 1 cm. 

b) Gently dust the water surface with lycopodium powder, and place one 
drop of oleic acid at the center of tbs ripple tank— wait for the oleic 
acid film to form a stable configuration. 

.'(Practice placing drops before actually putting one in the ripple tank.) 

c) Place graph paper beneath the ripple tank and carefully trace the oleic 
ac5,d fil.ffl shape c- 

d) Determine the area of the film by counting squares. Convert area to 
square centimeters. 

e) Clean ripple tank using detergent and alcohol. Do not let grease or 

foreign matter enter it, and repeat the above steps a through d to 
check consistency of results. "" 



5. Using oleic acid volume, not oleic acid solution volume, determine average 
thickness of fiUffT- 



Drops 


Acid Vol. cra^ = V 


2 

Film Area cm = A 


Film Thickness = V/A 



























6. After completing summation, clean ripple tank and repeat steps #4 and #5 
for 2 and then 3 acid solution drops. 



SUMMATION: 



1. Describe the prjQpe r ties of.^leic acid with f. 



PROBLEM; To experimentally determine the length of a molecule. 



APPARATUS ; 

Medicine dropper 
25 ml grad, cylinder 
Table power leads 
Parabolic light source 

0. 5% oleic acid solution 
Lycopodium powder & shaker 

GATHERING THE DATA ; 

1. Level ripple tank. Parallel light 
source above its renter. 



Ripple tank 
12v. DC 
Graph paper 
1000ml . beaker 
Level 



REFERENCES ; 

1. Rogers, Physics for the Inquir» 

ing M ind, pp» 100-5 

2. PSSC, Physics , ^ pp. l4l-5 
5. PSSC, Lab. Guide Physics , 

P* 10 

4. Taffel, Lab . Manual , pp» 91“93 
(Parallel light source) 




2. Detei'.mine the volume of 1 drop of oleic 
acid solution. (Use water) 

—place many drops in the graduated cyl. , 
accurately measure total volume and 
count number of drops. 

—calculate volume for 1 drop. 

3» From solution specifications, determine the actual volume’ of oleic acid in 
a’ drop of the solution. 

4. a) Fill ripple tank with clean water to a depth of approximately 1 cm. 

b) Gei^tly dust the water surface with lycopodium powder, and place one 
drop of oleic acid at the center of the ripple tank— wait for the oleic 
acid film to form a stable configuration. 

.'(Practice placing drops before actually putting one in the ripple tank.) 

c) place graph paper beneath the ripple tank and carefully ti'ace the oleic 
ao5.d film shape c 

d) Determine the area of the falm by counting squares. Convert area to 
square centimeters. 

e) Clean ripple tank using detergent and alcohol. Do not let grease or 
foreign matter enter it, and repeat the above steps a through d to 
chec3c consistency of results* 






5. Using oleic acid volume, not oleic acid solution volume, determine average 
thickness of film. 



Drops 


Acid Vol. cm^ = V 


2 

Film Area cm = A 


Film Thickness = 'V/A 



























6. After completing summation, clean ripple tank and repeat steps j^4 and #5 
for 2 and then 3 acid solution drops. 

SUMMATION ; 

1. Describe the properties of oleic acid with respect to alcohol and to water . 

that make it especially appropriate for use in this experiment. 

2. Assuming that an oleic acid molecule has a cubical shape and that the oleic 

acid film consists of a single layer of tightly buno he d molecules, what is 

the length of an oleic acid molecule? 

3» If the density of oleic acid = 0.895 g£ • Calculate mass of one molecule. 

cm^ 

4. If a mole of oleic acid has a mass of 282gm, then; 

a) according to experimental data, how many molecules are in a mole of 

acid? 

b) how closely does answer a agree with Avogadro’s number? 

c) explain discrepancy — if any. 

5» What is the actual shape of the oleic acid molecule? 

How does it position itself in water? 

Ho;v does this affect accxiracy of answers? 



O 
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6. What evidence is available regarding molecule thiclcness of oleic acid film? 



..JO 
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"To appreciate the living spirit i-ather than the dry bones 
of raatheraatics it is necessary to inspect the work of a master at 
first hand t.t The very crudities of the first attack on a sig~ 
'nificant problem by a master are more illuminating than all the 
jpretty elegance of the standard texts which have been won at the 
(cost of perhaps centuries of finicky polishing." 



PROBLEM ; To experimentally determine 
APPARATUS ; 

Meter stick 1/10" graph paper 
Rods Parabolic light 

Surface gauge Table leads & 12v DC 
Tapered cup Vernier caliper 
Support ring Protractor & arm 
Table bars 10 ml cylinder 
Med. dropper Disc 
2 iron bases & rods 



E. T. Bell 



constants of proportionality. 
REFERENCES ; 

1. Rogers, Physics for the Inquiring 

Mind , pp. 199-202 

2. Handbook of Chemistry g< Physics , 

3. Kline, Mathematics in Vlestern 

Culture'," ppi. ”49-51 



GATHERING THE DATA ; 

1. a) Measure circumferences of rods by tightly wrapping thread 10 times 
about each. (Use knot to indicate start of thread. ) 

b) Measure rod diameters with vernier caliper. 

c ) List results in table and calculate* circumference. d) Plot graph; 



Cir. 



° Diameter 




I 

i 

i 

\ 

I 

i 

i 



] 

i 

I 

i 



a) Position disk parallel and close to 
table top (disk should cast full-size 
circular shadov/). 

b) Trace shadov/ on graph paper and 
approximate area. 

c) Connect protractor and pointer to 

permit measured tilting of disk 
through 80 '' . • 

d) Successively tilt lO'^ , 20 , etc. and 
.measure shadov/ 's a and b 

list in table. 

0 ) Plot graph; 




area 



b 



O 



Degree Tilt • 


'Area 


a 


b 


ab 


• 0 " 










10 ° 

















ab 






=r 



O 
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a) Add v/ater in 2 ml steps to 
tapered cup. 

b) Measure corresponding 



meter'x^ 
sticki 



nx 



T~r 



ml 



2 



Water depth (ram) 



f.-: 

I 

I 

} 

I 

«' 

r.~ 



"<d 

UC 



atauclard Lexts v/hich huvo boon won at the 
I coat of perhaps centuries of finicky polishing.!' 

I E. T. Bell 

PROBLEM ; To experimentally determine constants of proportionality. 

REFERENCES : 



1. Rogers, Physics for the Inquiring 

Mind , pp. 199-202 

2. Handbook of Chemistry g< Physjcs , 

3* Kline, Mathematics in Viestern 
"'"'O'ui’t'ure pp^' '^ 9-51 



APPAMTUS ; 

Meter stick 1/10" graph paper ■ 

Rods Paral- lie light ' ' 

Surface gauge Table leads & 12v DC 
Tapered cup Vernier caliper 
Support ring Protx’actor 8c arm 
Table bars 10 ml cylinder 
Med. dropper Disc 
2 iron bases 8c rods 

GATHERING THE DATA: 



1. a) Measure circumferences of rods by tightly wrapping thread 10 times 
about each. (Use knot to indicate start of thread.) 

b) Measure rod diameters with vernier caliper. 

c) List results in table and calculate circumference. 



Rod 


Dia. (mm) 


10 X Cir. (mm)" 


Circumference 


A 








B 






















etco 









d)' Plot graph: 



Cir. 



Diameter 



2» a) Position disk parallel and close to 
table top (disk should cast full-size 
circular shadow). 

b) Trace shadov/ on graph paper and 
approximate area. 

c) Connect protractor and pointer to 
permit measured tilting of disk 
through 80'' . 

d) Successively tilt 10° , 20° , etc. and 
.measure shadov/'s a and b ^ 

list in table. 

e) Plot graph: 





parailei 

light 




, source 


protractor'll 


— 




disk""^ 



area 



b 



Degree Tilt ■ 


Area 


a 


b 


ab 


• . 0° 










0 

0 


















— .j 



O 



ab 



a) Add water in 2 ml steps to 
tapered cup. 

b) Measure corresponding 

water depth using surface 
gauge . . ■ 

c) Plot graph: depth vs. ni l 



meter-sf^ 
stick 






"V 




ml 


Water depth (ram) 


2 














SUMMATION ; 

1. a) What kind of relationship is revealed by the graph in step /A above? 

b) According to experimental data, what is the value of the constant of 

IDroportionality? What symbol represents this con-stant? 

c) What advantage does graph have over table in presenting proportionality? 

2. a) What Icind of relationship exists between the product ab and the 

shadow's area? What kind of geometric shape is involved? 
b) V/hat constant of proportionality relates aij and area? ab/4 and area? 

- c) How closely does experimental finding agree with that listed in 
mathematics books? 

d) Calculate area of an ellipse made by the ''string method". 

Check by graph paper method. . 

3. According to experimental data, what kind of relationship, if any, exists 
between the volume of a cone and its height? 
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APPLIED /PHYSICS LABORATORY 



'•Phycics is an experimental science.... Expci'iment is the 
court of hif;hest appeals in all physical results predicted by 
mathematical analysis. To attempt, therefore', to teach sound 
physics and good scientific method without laboratory work on 
the part of the student is to attempt the impossible.'* 

Henry Crew 



PROBLEM: To experimentally determine the factors in pendulum period. 

(Part I) 



APPARATUS ; 



REFERENCES : 



Pendulum support 
Assorted bobs 
Square & meter stick 
Pendulum arm 



Stop-ivatch 
Meter tape 
Cord 



1. Beiser, The Science of Physi cs, 

2. Beiser, Basic Concepts of Physics, 

pp. .97-9 

5. V/hite, Modern College Physics, 

pp. 248-50 



GATHERING THE DATA: 



Sin A = 



1.. Investigate the relation of pendulum period to 
amplitude for various starting amplitudes. 

a) attach pendulum arm approx. Im above floor 

b) thread cord through brass bob & arm and 
carefully measure desired pendulum length. 

c) displace bob through amplitude angle A = 5° 
—determined trigonometrically ' 

d) carefully release bob after all vibration 
has ceased. 

e) call zero when releasing bob, one when it 
returns to starting position, etc. 

f) check period for. 5'" , , 15% 20“ , ♦ 50^' , 

h-0‘ , 50'' , 60' , 70"' , 80" , and 90® . 

-- time 20 cycles for each (use average 
of 3 trials, for each). 

g) record data in table : 




l_d_^ 

(keep bob near floor 
— Watch Toes! ) 



Amplitude Angle 


Pendulum Length 


t (sec) 20 cycles 


Period = t/cycles 




Im 






10" 


Im 




• 




2. Investigate the consistency of period for a 10® starting amplitude. 
— T irae for 10, 30. etc., cycles ^ 






o 
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tiio or the rstucUint is to attempt the impossible." 

Henx'yCrev; 



PROBLEM: To experimentally determine the factors in pejidulum period. 

(Part I) 



APPARATUS ; 

Pendulum support Stop-watch 

Assorted bobs Meter tape 

Square & meter st'ick Cord 

Pendulum arm 



GATHERING THE DATA: 



REFERENCE S t 

1. Beiser, The Science of Physics, 

pp 

2. Beiaer, Basic Concepts of P hysics , 

pp. . 9 ' 7 ^ 

3. V/hite, Modern College Physics , 

pph! 24d-i?0 



1. Investigate the relation of pendulum period to 
amplitude for vax'ious starting amplitudes. 

a) attach pendulum arm approx. Im above floor 

b) thread cord through brass bob & ax’ra and 
carefully measure desired pendulum length. 

c) displace bob through amplitude angle A = 5* 
— detex-mined tx^igonometrically ' 

d) carefully release bob after all vibration 
has ceased. 

e) call zei'o vvhen releasing bob, one when it 
returns to stai'ting position, etc. 

f) check period for 10% 15% 20% 25"% 3C 

, 50“' , 60^ , yo"' , 80% and 90® . 

— time 20 cycles for each (use average 
of 3 trials, fox* each)t 

g) x^ecoi'd data in table: 




Amplitude Angle 


Pendulum Length 


t (sec) 20 cycles 


Period = t/cycles 




Im 






10' 


Im 




• 


__ 
















90* 


Im 







2. Investigate the consistency of period for a 10* starting amplitude. 
—Time for 10, 20, 30, etc. cycles 

—Do not interrupt trial until all readings have been taken 



— 1 

# of cycles J 


1 Pendulum length- 


t( trial i^^l) 


t (.trial // 2 ) | 


it (trial #3) 


Period 


10 


■ Im 










20 


Im 






L 


.J 



etc. 



Im 



3» Investigate the relation of period to bob mass; 



■ Bob 


Amp. Angle 


Pendulum Length 


t for 20 cycles 


Pe riod 


brass 


10® 


1.5m ■ 






iron 


10* 


1.5m 








* 








aluminum 




5m 






wood 


10® 


1.5m 
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APPI,IED PHYSICS LABOi^ATORY 




'♦In this matter of authorshij^, the important thing is to get 
the facts. First get the facts; and then you can distort them at 
you-r leisure," 

Mark Twain 



"Since there are no-~oi' only a very fev/--ideal people, who are 
entirely free from prejudice, it is sometimes of value to obtain 
information, especially in regard to historical data, from two 
different points of view." 



Wilhelm K, RBntgen 



PROBLEM ; To experimentally determine the factors in pendulum period and to 
examine the Foucault pendulum. (Part II) 



APPARATUS : 



REFERENCES; 



1" dia, brass bob 
Square & meter stick 
Meter tape measure 
Foucault apparatus 
Pendulum support & arm 
Model Foucault apparatus 



Stop-watch 
Phonograph 
Graph paper 
Cord 



1. Reiser, Basic Coiicepts of Physics, 

pp.' 97-9 

2, White, Modern College Physics, 

pp.“ '2 48- 50 

3* Kittel, Berkeley Phj'-sics Course I, 

pp. 77-9 



GATHERING THE DATA: 



1. a) Release Foucault pendulum by 

burning cord holding it off center. 

b) Confirm that pendulum swings in 
direction indicated by white tape 
on deck. 

c) Check pendulum angular motion 
with respect to white tape at 
5 or 10 minute intervals,' 



Important 
Do not (touch 
Foucault 
Pendulum until 
ready for 
experiment . 



(to be 
mounted 
in 

hangar) 




2, Set up pendulum as in part I and check relation of period to pendulum length 
(use brass bob, 10*' starting amplitude & indicated lengths— time each for 
50 cycles), ■" 



Pendulum length 


Material 


Amplitude Angle 


Time 50 cycles 


Period 


2.5 m 


brass 


lO*" 






2 . 25 m 


brass 


10*" 










^ 






0 . 5 " m . 


brass 


f 

( 

1 

i 


L 





■ 3 . plot graphs: . 
period 



O 
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(period)^ 



MMilfflffTim 



QTTTvmAni T mr • ( v.4 - ttN 



4. Place Foucau3.t Model on phonograph 
--level phonograph so that bob 
points to center. 

--move bob off center to one of 
the supports, 

—release bob & permit table to 
turn at 16 RPM. 

— -observe relation of table to pendulum 




r 



"SinoQ there are no~~or only a very fev; — ideal people, who are 

entirely free from prejudice , it is sometimes of value to obtain 

information, especially in regard to historical data, from two 

different points of viewo" ,,, .-lu i ty>. i. 

^ Wilhelm K, Klintgen 



PROBLEM ; 'i’o experimentally determine the factors in pendulixm period and to 
examine the Foucault pendulum. (Part II) 



APPARATUS ; 

1*' die., brass bob 
Square & meter stick 
Meter tape measure 
Foucault apparatus 
Pendulum support & arm 
Model Foucault appax’atus 

GATHERING THE DATA: 



Stop-watch 
Phonograph 
Graph paper 
Cord 



REFERENCES : 

1. Beiser, Basic Concepts of Physics, 

pp.""9?-V 

2. White, Modern College Physi cs, 

pp. ^’4’b-50 

3. Kittel, Berkeley Physics Coui'se I, 

pp7“'?T^9 



1. a) Release Foucault pendulum by 

burning cord holding it off center. 

b) Confirm that pendulum swings in 
direction indicated by white tape 
on deck. 

c) Check pendulum angular motion 
with resp»ect to white tape at 
5 or 10 minute intervals.' 



Important 
Do not .touch 
Foucault 
Pendulum until 
ready for 
experiment. 



(to be 
mounted 
in 

hangar) 




2, Set up pendulum as in part I and check relation of period to pendulum length 
(use brass bob, 10 starting amplitude & indicated lengths— time each for 
50 cycles). 



Pendulum length 


Material 


Amplitude Angle 


Time 50 cycles 


Period ! 


2,5 m 


brass 


10^ 






2 . 25 m 


brass 


10" 







3. 



Plot graphs; 



period 



(period)^ 




SUMI'IATIQN; (Parts I and II) 



O 
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4, Place Foucault Model on phonograph, 

--level phonograph so that bob 
points to center. 

--move bob off center to one of 
the supports. 

— release bob & permit table to 
turn at 16 RPM. 

— observe relation of table to pendulum 

plane . 

1. Of the factors investigated, which have an effect upon period? 

2. According to experimental data, what necessary restriction • 3Hust be placed 
on the sv/ing of a pendulum clock? Why? 

3. V/hen period is plotted against pendulum length, what kind of curve results? 
'What kind of curve results when (period)^ in plotted against L? 

What kind 'Of a I’elationship between (period)^ and L is suggested? 

k, a) Why is the center of gravity of the cork pendulum more difficult to 
determine than that of an iron pendulum? 
b) Where is the center of gravity of the cork pendulum? Show calculations. 

5. Using the evidence of step #2 in ’’Gathering the Data" Part II, how long 
should the brass pendulum be for a one second period? Show calculations. 

6, Did the plane of the Foucault pendulum change? 

If so, in which direction--lpoking down from above? 

According to experimental results, how long would it take the pendulum 
to move through 360^ ? 

How does this agree with data for U.N.'s Foucault pendulum? 

?. How docs Foucault pendulum illustrate earth’s rotation? Foucault vs, Galileo? 
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APPLIED PHYSICS LABOliATOHY 




"It took the human race a thousand years to bridcQ the gulf 
between the rule of Archimedes and the next stage in the evolution of 
the., logarithmic table. You need not be discouraged if • it takes you a 

few hours or aays..." Lancelot Hogben 



"(Henry Briggs) ... published ... in his Arithmetrica Logarithmica 
(l62H)...the logarithms of jJ0,000 natural numbers t o decimal) 
places." 



Encyclopaedia Britannic a 



PROBLEM: To construct a slide rule. 



APPARATUS: 



R13FERENCES: 



2 meter sticlos Try square 

2-5/8"x1 meter paper Tape 



1. Courant, What is Mathematics?, 

• ■ pp. 



REVIEW: 



1. Add 253 Multiply 255 

+431 x431 

(l operation) 253 

759 

1012 



i.e. Adding requires less 
work than multiplying 
& for bigger numbers 
the discrepancy be- 
tv/een the work required 



109645 (4 operations) becomes even greater. 



2, a) Consider the geometric series — 2 4 8 16 52 '64' 128. .. (antilogs) 

'■ p7- 

7 ...(called logs) 



v;hich can be written in powers 2^ 2^ 2^ 2^ 2^ 27.-.. 

& associated with arith. series— 1 2 3 ^ 5.6 









log ~ ^^ntilog usually written as log2 8 := 3 

& read -as "the log of 8 to the base 2 = 3” 



3* * According to the Principle of Archimedes, to multiply any tv/o numbers— 
say 8x16— add their logs and this new log is the Ipg of the answer: 

logs reduce multiplication to addition logs reduce division to subtraction 
* — — “ r 

jj- =2 = 4 or log 64 = 6 

log (8x16) = 7 -4“ 8x16 = 128 54/i 5_4 log (64/16) = F. 



2^x2 '■=2'^=128 or log 8 = 3 



log 16 = 4 



PROCEDURE: 1. Determine several logs to base 10 by rough approx, as follows: 



10 



a) 1=10 — i-log^Ql=0 since = 10 



f) log^Q6= 0.78 from 6=2x3 



• b ) 2^°=ip24 



10.;^3_o. loy^o^ _ ,^3/10 3 



2‘‘''=10^-^ 2i 

59 



log^Q2i.3 



g) log' .-7= 0.85 .from: 

7x7 = 5x10 



h) log^Q8= 0.90 from 8=2' 



10 ^' •‘''=10 

c) 3 ^- = 19,681 

3^=2q000= 2x10^^ = 10*\l0^= lo‘**-^log^Q3=.48 i) log^Q9= 0.96 from 9=3 

d) log^Q4 1 0.6 from 4=2^ =10°*\l0°'^ 

^ ■■ ^ 






ill 1I,U- Lor.^.rxlhirtica 





(1624) . . »tho logarithms of ^0,000 natural numbers To l^h TdociwaT) 

^ Encyclopaedia Britannica 



PROBLEM ; To construct a slide rule. 
APPARATUS ; 

2 meter sticks Try square 

2-3/8'*x 1 meter paper Tape 

REVIEi^ ; 

1. AM 253 Multiply 253 

+431 x431 

"BW (1 operation) 25j5 

759 

1012 



REFEI^NCES ; 

1 . Gourant , What is Mathematics ? , 

• ' pp7'T4'8-"53’ 



i.e. Adding requires less 
work than multiplying 
8: for bigger numbers 
the discrepancy be- 
tween the work required 
T09043' (4 operations) becomes even greater. 

2, a) Consider the geometric series — 2 4 8 16 52‘64’ 128, ., (antilogs) 

which can be written in powers- — 2^ 2^ 2^ 2^ 2^ 2^ Z?,-,, ■ 

8e associated v/it.h arith. series — 1 2 3 4 5.6 7 ...(called logs) 

usually written as leg^ 8 = 3 

& read. as "the log of 8 to the base 2 = 3" 

3. According to the Principle of Archimedes^ to multiply any tv;o numbers— 
say 8xl6~-add their logs and this new log is the log of the answer: 

logs reduce multiplication to addition logs reduce division to subtraction 

2^2 ‘■=2'^= 128 or log 8 = 3 I 

leg 16 = 4 

log (8x16) = 7^-^Bx16 = 128 



64 2 „2 t >-• 

rr = 2 = 4 OJ.‘ lOg 64 = 6 

^ 2 ■ log 16 := 4 

64/16=4 log (64/16) = 2 . 



PROCEDURE: 1. Determine several logs to base 10 by rough approx, as follows; 

o 10* c 

a) 1=10 -^log^Ql=0 since y7\> ~ 



b) 2^°=ip24 
2.^®= 10^-4- 2 

c) 3^ = 19681 



^°^10^ = 10^“^^^ 






= 10 *- 



log^0^=*^ 



3%2q000= 2x10^ = 10*\l0^= 10^*^->log^Q5=.48 

d) log^Q4 = 0.6 from 4=2^ slO^’^^xlO^*^ 



f) log^Q 6 = 0,78 from 6 = 2 x 3 

g) logY^7= 0.85 from; 

. 7x7 = 5 x 10 

h) log^Q8= 0.90 from 8=2^ 

i) log^Q9= 0.96 from 9=3^ 



e) = 0.7 from 2x5 = 10 



2, Construct a slide rule. 



T" 

1 / 16 ' 



D- 



“ 0 " 


0.1 


0.2 


0 . 3 ! 


-P-*^ 




T 0 cm_^ 


20 cm 


3J1 cm 


.^Ocm) 




— — - - — -] — 


Li„ 


2 . 3 J 



5 . Construct duplicate scale (by matching) 

^ 4. Mult. 2 X 3 by 



r a) Tape white paper to meter stick. 

b) Lightly renumber in penc+1 
so that 10 cm = 0,1 

20 cm = 0.2 
100 cm = 1.0 

c) Using original, accurate 
divisions on meter stick* 
locate logs & label in ink 
with antilog values. 



adding logs. 



f<-log2 ■ log 3 -^ 





0 , 


D 


'2 *6 ans. 


2 by 


h^log2->i 


logs. 


|c |_ 




3 ans. 6 



4 3 



log 6 



SUMPTION; 

.. .j. ^ lO S 6 ^2 

Solve; 2x2; 4x2; 5x2;^; (Explain discrepancies) 



O 

me 
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APPLIBiD PHYSICS LABOa\TOPY 




"Obvious is the most dangerous word in mathematics. Bell 

— "Young authors, . .always over estimate ■ the'* * capacity of their 
audience to grasp at short notice and in quick time ideas which 
they themselves have slowly and painfully evolved." 

J. J» Thoms oia 



1. Acu-Kath, Instruction Manual 



PR013LSM ; To perform calculations using a slide rule. 

APPAl^THS : REFEHENCES: 

Triangles Polygon 

, Circles 

5~Mannheini type slide rules 
PROCEDUPi; ; 

1. Locate the following numbe.’s on the D scale: l.^'•; 1*9; 2.1; ,3»2; 3*6; 

UA; 8*9; 1.25; 1.^6; 2.15; 3»05; and 1.02. (Check work against 
instruction sheet). 

2. What other scale on the slide rule is an exact duplicate of scale D? 

3* Multiply 2x2 and check against instruction sheet. ^ 

Multiply a) 12 X 12 d) 1.4 x 5 g) 13*5 x 15 x 4 

b) 24 X 30 e) 16.2 x 34 h) 85 x 6 x 4.5 

c) 25 X 25 f) 32 X 19 i) 108 x.31»5 X 50.5 

4. Divide: 5 4 and check against instruction sheet. . • 

Divide a) 625 t 25 b) 550 ♦ 32 c) .34 -i 675 d) 24.4 ♦ 3*64 

■ 5, Use the Cl and D scales to get the, decimal eqxiivalents of the follovjing: 

1 11 13 3 3 5 5 7 7 9_2 

• 2’ F* TF’ IF’ 25’ 12’ IF’ 16’ 32’ FF’ FF’ 32 

6. Get the squares of the following numbers using the D and A scales: 

5 (see inst. sheet), 26, 19t 55* 25, 13 , ; 

7« Extract square roots using the A and D scales: 

2500 (see inst. sheet); 250 (see inst. sheet); 289, 4096 

8. Extract cube roots using D and K scales; 

27 (see inst. sheet); I25O (see. inst. sheet); 216; I728 

9» Determine the logs of numbers using D and L scales: 

4 (see inst. sheet); 15; 27; 78; e = 2.718 

10. Determine the sines of the following angles using the S and A scales: 

,15“ 48' (see inst. sheet); l' 20’ (see inst.sheet) ; 30^ ; 15*; ' 

11. Determine, the tangents of the following angles using the D and T scales: 

6*45' (see inst. sheet); 30*; 10*; 7*30' 

12. 1" = 2.54 cm — match these quantities on the C & D scales and make the 

following conversions: a) to inches: 65cni; llOcrc.; 865cm 

b) to cm ; 4" ; 45'! ; 9»6"; 756" 

13. Calculate the areas of circles A, B, and C. . 



mm 



J. J* Thomson 



PROBLEM: To perform calculations using a slide rule. 



APPARATUS : 



Polygon 



REFERENCES ; 

1. Acu-Math, Instruction Manual 



Triangles 

. Circles ' ” 

3-Mannheim type slide rules 

PROCEDURE ; . ' ‘ , 

1. Locate the following numbers on the D scale: l./^;1.9; 2.1; 3*2; 3.6; 

4.^+; 8.9; 1.25; 1.46; 2.15; 3*05; and 1.02. (Check work against 
instruction sheet). 

2. What other scale on the slide rule is an exact duplicate of scale D? 

3. Multiply 2x2 and check against instruction sheet. 

Multiply a) 12 X 12 d)1.4x5 g)13.5xl5x4 

b) 2/;- X 30 e) 16.2 x 34 h) 85 x 6 x 4.5 

c) 25 X 25 f) 32 X 19 i) 108 x.31.3 50.5 

4. Divide; 5 4 and check against instruction sheet. . • 

Divide a) 625 * 25 b) 550 t 32 c) .34 * 673 d) 24.4 ♦ 3.64 

5. Use the Ci and D scales to get the, decimal equivalents of the following: 

11113 3 3 5 3 7 7 9 9 

• 2’ F’ IT’ iS’’ 25’ 12’ Tff’ 16’ 32“’ Pf’ 6^’ 3^ 

6. Get the squares of the following numbers using the D and A scales: 

5 (see inst. sheet), 26, 19» 55, 25, 13 

7. Extract square roots using the A and D scales: 

2500 (see inst. sheet); 25O (see inst. sheet); 289; 4096 

8. Extract cube roots using D and K scales: 

27 (see inst. sheet); 1250 (see. inst. . sheet) ; 216; 1728 

9. Determine the logs of numbers using D and L scales; 

4 (see inst. sheet); 15; 27; 78; e = 2.718 

10. Determine the sines of the following angles using the S and A scales: 
.15^48' (see insc. . sheet); l‘ 20' (see inst.sheet); 30^ ; 15*^; 3” ' 

11. Determine, the tangents of the following angles using the D and T scales; 

6'^45' (see inst. sheet); 30‘‘ ; 10*^ ; 7“ 30' 

12. 1" = 2.54 cm ~ match these quantities on the C & D scales and make the 

following conversions; a) to inches; 65cm; 110cm; 865cm 

. b) to cm : 4" ; 45'! ; 9.6"; 756" 

13. Calculate the areas of circles A, B, and C. 

2 2 

use ud instead of Ttr (since) n 

¥ 



= .785, why is the first equation a 
time saver) 



l4. Extract roots using logs: 



via L scale 



ex. ^J27: log ^r27= i log 27 = j (1.4315) =0.477 



3 



’J27 = 3 (D scale) 



j 248,832 



.12 



J 1,594,323 



16,384 



15* - Measure the sides -of triangles P, Q., and R, 

and determine the. missing angles using the law of sines. 

16. Determine the angles of the polygon by measuring the sides and applying 
. the law of cosines. : (Note ; cos j6 = sin (90 

SUMMATION ; \ ■■'V. ^ ■ 

Check results against those of other team members. 

Resolve difficulties! 
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APPLIED PHYSICS I-ABORWOKY 




"Galileo. .. his fame is usually associated with things-“the 

observation of the isochrqnisms of the pendulum, or his fight with 

cleTicalism ovei’ the Copernican theory... • It is his establishment 

of the first experimental numerical law that constitutes his highest 

claim to greatness..." .. ^ i n -i 

^ Norman Campbell 



PROBLEM ; To expex-iraentally determine the relationship betv;een the factors 
involved in the acceleration of gravity. 



APPARATUS : 

Stop watch 15 meter tape 
1" steel ball Meter stick 
Tape Graph paper 

Metronome Square 

Aluminum angle & cord 



GATHERING THE DATA: 



REFERENCES : 

1. Holton-, Foundations of Mod. Physical 

Science , pp. 25-32 

2. Halliday & Resnick, Physics , ^ 

pp.' 39-^1 

3 . Rogers, ■ Physics for the Inquiring 

Mind , p. 115 

note 



1. Place tape distance markers on the aluminum angle according to given ratio: 

start Jr ^ ^ ^ 5 7 H 

2 cm ^ ~ ^ 

in 

* ^250 mj.^ 

2. a) Set aluminum angle at 1* *^ angle .using trigonometi’y. 

— adjust height with rope attached under blackboard 




b) Let ball roll down incline & time for distance between starting & final 
marks, (use average of 3 trials & record in table) 

c) Repeat for angles: 1.5% 2“ , 2.5^ , 3% ^% 5% 6'' 



Angle 


h 


1 


h/1 


Av. total time t 


Acceleration a 


1 












1.5 













etcvj''" I 



3. Check for uniform acceleration at several representative angles; 

—set metronome for an integral number of beats for time during which ball 
rolls between starting mark & next mark and then note number of beats 
; bety/eeh other successive marks as ball continues down incline. 



OTTMMAmrnTvT 



claim to greabneaa. . . " 



Norma n Campbell 



PROBLEM ; To expex’imentally determine the relationship between the factors 
involved in the acceleration. of gravity. 



APPARATUS ; 

Stop watch 15 meter tape 
1" steel ball Meter stick 
Tape Graph papex' 

Metronome Square 

Aluminum angle & cord 



GATHERING THE DATA; 



REFERENCES ; 

1. Hoi to a, Foundations of Mod. Physical 

Science , 25-32 

2. Halliday & Resnick, Physics , 

pp.' 39~^1 

3 . Ro gers , ■ Physics for the Inquiring 

Mind , p. 115 

note 



1. Place tape distance markers on the aluminum angle according to given ratio; 

starts 5 5 7 H 

2 cm j'T * ' ' ~ ^ ' 

I- = 

^25cin|<- 

2. a) Set aluminum angle at I"* angle .using trigonometry. 

-adjust height with rope attached under blackboard 




b) Let ball roll down incline & time for distance between starting & final 
marks. (use average of 3 trials & record in table) 

c) Repeat for angles; I.5" , 2‘' , 2.5% 3% ^% 5% 6" . 



Angle 


h 


1 


h/1 


Av. total time t 


Acceleration a 


1 












1.5 
























etc. 1 


[ 1 _ 









3. Check for uniform acceleration at several representative angles; 

—set metronome for an integral number of beats for time during which ball 
rolls between starting mark & next mark and then note number of beats 
betv/een other successive marks as ball continues down incline. 

SUMMATION ; 

1. How does step #3 of "Gathering the Data" provide evidence that the accelera- 

tion for a particular angle is a constant? 

2. As angular setting increased, what difficulty was experienced in; 

a) setting the metronome? 

b) timing the ball? 

' ' - 1 - 2 , 

3» Calculate the acceleration for each angular' setting using s •- v.t + 

4. Plot graph: a 



ERIC 



5« If ^ X’ ^ noting that a = k when h = 1 v;hich-^ freefall, 

b) Calculate g (=k) for an appropriate set of corresponding data. 

6. How close does the experimentally determined value of g compare with the 

accepted value of g in New York? (Explain discrepancies if any) 

7. '//hy did Galileo use inclined plane? What additional difficulty did it intro- 

8. Is extrapolation to acceleration of freefall valid? duce. 
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APPLIED PHYSICS LABOm’ORY 



Team 




"Casirair has calculated that if The Physical Review continued to 

grov7 as rapidly as it did_ be tween 19^-3 and I960, it" would weigh more 

than the earth during the next century. The exponential x'ise of 

aciontific literature stax-ting with the l8th century haa often been 

associated with the increase in the number of scientists. The number 

of sciexxtists in America increased from about 8,000 in I 90 O to more 

than 100,000 in I960.” * n n j 

’ A. Calandra 



PROBLEM ; To write-up a finished report based on data gathered at an earlier 
date by physical experimentation. 



APPARATUS; 


REFERENCES; 


Slide Rule 


APli library 




Lab. notes 


MKING THE REPORT; 





1. Place appropriate heading at top of paper. 

2. State problem. 

3 . List apparatus used in experiment. 

k. List references; Author, Title , pages. 

5* Retrace the procedure employed -- detailed sketches add to lucidity. 

6. List data with units in tables 

7. Shov/ all required equations and computations. 

8. Graphs should be large and clearly labeled. 

9# Substantiate conclusions. • 

10. Answer all questions with complete sentences. 

11. Conclude report v/ith a list of things learned as a result of the 

experiment. 



Station 

D AVIATION HIGH SCHOOL 
Name 

PROBLEM;- 



Exp.# . Team 

APPLIED PHYSICS LABORATORY/ 




APPARATUS; REFERENCES ; 






JW 



lOOyOOO ixi 1960." 



A. Calandra 



PROBLEM ; To v/rite-up a finished report based on data gathered at an earlier 
date by physical experimentation. 



APPAMTUS ; REFERENCES ; 

Slide Rule APli library 

Lab. notes 



I»IAKING THE REPORT ; 

1. Place appropriate heading at top of paper. 

2. State problem. 

3. List apparatus used in experiment. 

List references; Author, Title , pages. 

5* Retrace the procedure employed — detailed sketches add to lucidity. 

6. List data with units in tables 

7* Sho;v all required equations and c-^mputations. 

8. Graphs should be large and clearly labeled. 

9» Substantiate conclusions. • 

10. Answer all questions with complete sentences. 

11. Conclude report with a list of things learned as a result of the 

experiment. 




Exp.// 



Team 



Station 




AVIATION HIGH SCHOOL 
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APPLIED PHYSICS LABORATORY 




'•The average physicist is made a little uncomfortable by thermo- 
dynamics... The laws of thermodynamics have a different feel from 
moat other laws of the physicist. There is something more palpably 
verbal iibout them — they smell more of their human origin." 

•, . P. W. Bridgman 

"A mathematician may say anything he pleases » but a physicist 
must be at least partially sane." 

Willard Gibbs 



PROBLEM; To experimentally determine the value of absolute zero. 



Ice 

2 tubeseals 

3 iron stands 
3 thermometers 
2 ring supports 



REFERENCES ; 

1. Holton, Found, of Modern 

Physical Science, 

pp. 369-71 

2. Gamow, Physics, pp. 1^8-9 



APPARATUS ; 

2 25 ml grad. cyl. 

2 stoppers with tubes 

2 Bunsen burners 
Triple beam balance 

3 lOOOcc beakers 
2 arms with rubber bands 

GATHERING THE DATA ; . • _ . 

1. Measure the total volumes of each 25ml graduated cylinder (A and B) 
—include volume above graduations to stopper and volume of glass tube 
• in stopper. DO NOT ALLOW MOISTURE TO ENTER GRADUATED CYLINDER! ' 



2« Place tilted 25ml graduated cylinder in lOOOcc beaker 
level up to tubber stopper. 

D 

NO MOISTUl^ 

IN C YLINDERS I 



as shown— water 





N:\J£/^^ad;just for boiling water 
& permit air in grad, 
cylinder to reach lOO^’C. 



"'^l^y-ad just for constant 50 C 
n ' water & permit air in grad, 
cylinder to acquire this 
, temperature. 







ERIC 



a) Seal tube entering graduated cylinder A (repeat for B),- 
invert the cylinder, and submerge in ice vjater as shown. 

b) Remove sea3.--as air in the graduated cylinder 
cools, water enters. 

c) V/hen air in cylinder has cooled to 0°C (or the 
temperature of the ice-water mixture ) , . fasten 
cylinder base to iron stand arm- with rubber 
bands and adjust cylinder so that water levels 
in the beaker and the graduated cylinder are the same. _£ 

d) Measure air volume at 0®C. 

I-, a) Place finger over tube to seal water in cylinder and remove from ice 
v/ater. _ ' 



■cr 



o c 

O O 
0 0 



, 6 C c- 0 , 



» 



|er!c 



•‘A Iiiathoraatician may say anything he pleases, hut a physicist 
must be at least partially sane.'* 

Willard Gibbs 



PROBLEM; To experimentally determine the value of absolute zeroo 



APPARATUS: 



Ice 

2 tubeseals 

3 iron stands 
3 thermometers 
2 ring supports 



REFERENCES ; 

1. Holton, Fom^d* of Modern 

Physical Science , ; 

PP." 369-71 

2. Gamov?, Physics, pp. 148-9 



2 25 ml grad, cyl* 

2 stoppers with tubes 

2 Bunsen burners 
Triple beam balance 

3 lOOOcc beakers 
2 arms with rubber bands 

GATHERING THE DATA ; 

1. Measure the total volumes of each 25ml graduated cylinder (A and B) 
—include volume above graduations to stopper and volume of glass tube 

. in' stopper. ^ NOT ALLOW MOISTURE TO ENTER GRADUATED CYLINDER ! ’ 

2. Place tilted 25ml graduated cylinder in lOOOcc beaker as shown— water 
level up to rubber stopper. 

Ah 

^ " NO MOISTURE 

IN CYLINDERS! 




N^^;^^^adjust for boiling water 
i & permit air in grad, 
cylinder to reach lOO'^C. 




adjust for constant 
I ! ' water 8; permit air 



50® C 



in grad. 



cylinder to acquire this 
temperature. 



a) Seal tube entering graduated cylinder A (repeat for B), 
invert the cylinder, and submerge in ice water as shovm. 

b) Remove seal — as air in the graduated cylinder 
cools, water enters. 

c) When air in cylinder has cooled to 0°C (or the 
temperature of . the ice-water mixture) , . fasten 
cylinder base to iron stand arra^ with rubber 
bands and adjust cylinder so that water levels 
in the beaker and the graduated cylinder are the 

d) Measure air volume at 0®C. 







same I 



j: 



'ior 



o c 
c. <} 

oc 



^0 C C' 0 ^ 



4. a) Place finger over tube to seal water in cylinder and remove from ice 
water. 

b) Dry off outside of cylinder and measure its mass (including v/ater drawn 
in from ice v/ater ) . 

c) Fill cylinder completely with water using squeeze bottle and again 
measure its mass. 

d) Remove stopper from cylinder, empty out water, dry all parts, and 
measure total mass of cylinder, stopper, and glass tube. 

e) Calculate air volumes in cc. using masses of steps b, c, and d. 



Using data of step #3; 

a) Plot points for 100°C 
vol. 8e O'^C volume 8e 
join with st. line. 

b) Extrapolate to temp, 
associatedwith zero 
vol. (abs. zero). 



V( 


cc) 

.. ' .. . I 


Temp.®C 0 


lOG 



I 


1 

_ _ 1 


■Temp.°C 01 





. c) Repeat a & b for O^C and 50®C. 

6. Repeat step j^5 using data of step #4 (use same paper but color differently). 
SUMMATION ;' 

1. Which graph yields absolute zero most accurately? Exjplain. 

2. Does air vol. disappear at abs. 0? Was extrapolation valid? Explain. 
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AVIATION HIGH SCHOOL 



APPLIED PHYSICS LABORATORY 




'•In hio writings, he (Galileo) describes experiments he never 
made. He advocated the heliocentric theory even though, in the 
stage in which Copernicus left it, the theory 'did not yet accord 
well with observations. In describing some experiments on motion 
along an inclined .plane Galileo did not give actual data but said 
that the results agreed with theory to a degree of accuracy that 
was incredible in view of the poor clocks available in his time." 



Morris iCLine 



PROBLEM: To measure the acceleration of gravity. 



APPAMTUS: 



REFERENCES; 



Wired peg board 
Free-fall support 
3/4" dia. ironball 
Iron plugged spheres 
Magnetic arm 



Electric timer 
Plumb bob 
6 clip leads 
Table leads 
DC supply 



Spring contacts & arm Catch bucket 



Ping pong ball, paper & disks 



1, Stollberg, Physics Fundamentals , 

pT~2^r~ ’ 

2. PSSCf Physics , pp. 336-8 

3« White, Modern College Physics , 

“■ pp, 34-7 

4, Beiser, Basic Concepts of 
Physics, pp. I 5-8 



GATHERING THE DATA; 



1. Drop ping pong ball 






8e sheet of paper a) flat b) , 



(observe rate of fall of each) 

2. a) Drop cardboard disc and penny 

b) Repeat with cardboard disc on top of penny. 

3 , Mount magnetic arm at top of free fall support. 

• a) V/ire circuit as per instructions on peg board 

b) Close switch and mount wood, brass, iron, and 
aluminum spheres as shown. 

c) Open switch and observe rate of fall for the 
four spheres. 

d) Repeat several times. 



I 



c) c rumble d^^ 



edgeviriss' — 

3e observe rate of fall for each; 



•I 



(to wirec 
peg 
board) 



4, Time the 3/4" diameter iron ball through prescribed 
free fall distances, 

a) Line up ball and spring contact face with 
plumb bob. (Use magnet with hole) 

b) Connect wires to electric timer and wired 

peg board. ^ 

c) Release ball according to peg board instruc- 
tions & record data in tablet 
(Make three trials) 

d) Repeat above for free falls of 1.5m» lm» 
and 0 . 5 m, 




(to wired 
peg 
board) 



(to wired 
peg 
board) 



Lk 



TT 



u 



s I 

( spring 
contact as 
I ■' l ow as 

aMil 












along an inclined .plane Galileo did not give actual data but said 
that the results agreed with theory to a degree of accuracy that 
was incredible in view of the poor clocks available in his time.” 

Morris Kline 



PR0B.L1SM; To measure the acceleration of gravity. 



APPAMTUS : 

Wired peg board 
Free-fall support 
3/V* dia. ironball 
Iron plugged spheres 
Magnetic arm 
Spring contacts & arm 



Electric timer 
Plumb bob 
6 clip leads 
Table leads 
DC supply 
Catch bucket 



Ping pong ball, paper 8c disks 
GATHERING THE DATA; 



REFERENCES ; . 

1. Stollberg, Physics Fundamentals, 

2. PSSC, Physics , pp. 336-8 

3. White, Modern College Physics , 

pp.' 3^-“? 

4. Beiser, Basic Concepts of 

Physics , pp. Y3"8' ' 



<? 



1. Drop ping pong ball. 8e sheet of paper a) | flat 

(pbserve rate of fall of each) 



b) 



I 



c) crumbledO 



edgevirise« — 

2. a) Drop cardboard disc and penny 8e observe rate of fall for eachv 

b) Repeat with cardboard disc on top of penny. 

3. Mount magnetic arm at top of free fall support. 

• a) Wi3?e circuit as per instructions on peg board. 

b) Close switch and mount v/ood, brass, iron, and- 

aluminum spheres as shown. (to wired 

c) Open switch and observe rate of fall for the peg 

four spheres. board) 

d) Repeat several times. 



4. Time the 3/4” diameter iron ball through prescribed 
free fall distances. 

a) Line up ball and spring contact face with 
plumb bob. (Use magnet with hole) 

b) Connect wires to electric timer and wired 
peg board. 

c) Release ball according to peg board instruc- 
tions 8c record data • in table* 

, (Make three trials) 

d) Repeat above for free falls of 1.5m, Im, 
and 0.5m. 



(to wired 
peg 
board) 

(to wired 
peg . 
board) 




s • 

■ (spring 
; contact as 
I < low as 
^ possible ) 



Distance 


t (sec) 


Av. 




s 


s 


1 


2 


3 


t 


t^ 


2m 


• 












1.5ia 














Im 














0.5m 















e) Let g = a 



Calculate g using; 
s = v^t + at^ 



5. Time 2m free fall for brass and aluminum spheres. 

SUMMATION ?, 

1. According to experimental data, how did the rates of fall of the assorted 
spheres compare? 



2. Plot graphs 



s 



O 

ERIC 



/ ' t ■ , . ' ' 

3. What, if any, is the value of the constant of proportionality? 

4. Nov; that g has been measured, react to Morris Kline’s provocative comment 
at the beginning of this experiment. 
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APPLIED PHYSICS LAEOruVrORY V^) 



"Of all the intellectual hurdles which the human mind has been 
faced v;ith and has overcome in the last fifteen hundred years, the 
one-which seems to me to have been the most amhzine: in character and 
the most stupendous in the scope of its consequences is the one 
relating to the problem, of motione" 

Herbert Butterfield 



PROBLEM ; To experimentally examine the motion of a pendulum* 
APPARATUS: REFERENCES; 



Pendulum support & arm 
Tape timer & support 
2 100cm sti*ips of tape 
1>^. battery & leads 
2 C clamps 
Heavy metal ball 

GATHERING THE DATA; 



Stop watch 
Wrench 
Graph paper 
Meter stick 
mm ruler 



1. Taffel, Physics Lab . M^ual , 

pp. 

.2. Thomas, Calculus g; Analyt ic 
Geometry , pio, 5^8 
3* Kline, Calculus I, pp. 97-8 



1. Adjust timer. 

a) Raise striker until when operating it makes no imprint on tape. 

b) Gradually turn down striker a half turn at a time until it makes a 
clear impression on the tape. 

Note ; 4 or 5 imprints can be made on each tape by moving the guide 

laterally— label each record for future reference. 

2. Calibrate the timer— determine its period of vibration by: 

a) Manually drawing the tape through the guide for an accurately timed 
interval (2 or 3 seconds). 

b) Counting the spaces between dots. 

c) Dividing the time interval by the number of spaces. 

3* Set up pendulum— 2m length. 

4* Make several folds at end of tape, cover 
with tape & punch hole through center as shown. 



5. Connect tape to pendulum bob hook after 
threading tape through timer.. 

6* Off set bob 40cm, connect-battery to timer, 
release pendulum, 8e stop after slightly more 
than .1/2 cycle . — -- ■ - 

7* Reset tape and repeat steps #5 & #6 for 
several more trials. 

8. Mark every fifth dot after the starting dot. 

9* Insert data in table: 



2m 



Si. 



\ clamp timer to 
\ table . 

_ — — 



j<-40cm-^^ 



Dot 


t to o dot 


As( 4 spaces/2 on each side) 


At(£or 4 spaces) 


v= As/At 


a 


5 th 












10th 










— 






rcTaTujii^T^ini^prolTrf^^ motion." 



Herbert Butterfield 



PHOBLBM ; To experimentally examine the motion of a pendulum. 



Stop watch 
Wrench 
Graph paper 
Meter stick 
mm ruler 



INFERENCES ? 

1. Taffel, Physics Lg-b. Manual , 
PX> 

.2. Thomas, Calculus & Analytic 
Geometry , pp'. 

3* Kline, Calculus I, p>p. 97~8 



APPARATUS ; 

Pendulum support 8c arm 
Tape timer & support 
2 100cm strips of tape 
l>^v. battery 8c leads 
2 C clamps 
Heavy metal ball 

GATHERIxNG THE DATA ; 

1. Adjust timer. 

a) Raise striker until when operating it makes no imprint on tape. 

b) Gradually turn down striker a half turn at a time until it makes a 
clear impression on the tape. 

Note ; 4 or 5 imprints can be made on each tape by moving the guide 

laterally— label each record for future reference. 

2, Calibrate the timer-~deterraine its period of vibration. by; 

a) Manually drawing the tape through the guide for an accurately timed 
interval (2 or 5 seconds). 

b) Counting the spaces between dots. , 

c) Dividing the time interval by the number of spaces. 

3» Set up pendulum— 2m length. 

4* Make several folds at c^nd of tape, cover 
with tape & punch hole thremgh center as shown. 

5* Connect tape to pendulum bob hook after 
threading tape through timer. 

6. Off set bob 40cm, connect battery to timer, 
release pendulum, & stop after slightly more 
than .1/2 cycle. 



O 



J 1 



7. Reset tape and repeat steps #5 8e #6 for 
several more trials. 

8. Mark every fifth, dot after the starting dot. 

9. Insert data in table; 




clamp timer to 
table . 

SJ — — • 



j*e-40cm-> 



Dot 


t to 0 dot 


As(4 spaces/2 on each side) 


At(for 4 spaces) 


v= As/At 


a 


5th 












loth 




















j 


^ 





10. Plot graphs. 



where a = slope of graph v vs t 



rCT.iAv 

At 



SUI<Q4ATI0N ; 
1.' Since 



a = 



“ ^i 
^f “ ^i. 



AV 



O 

ERIC 



and a = a = , v/hat kind of line is approached as 

At-^O 

_ and, v..,.,.,. t^.: s,at,isf,ies„..th.e,..cn^^^ 

2. V/hat kind of mathematics is involved when At *-^0? 

3. Is acceleration value duplicated during one-half of the cycle? 

If GO, what is the relation of such points to the mid point of pendulum swing 

4. According to tape, what is time for a cycle? r — 

How does this agree with time derived from equation T = 2n I 

5* At what points is; a) velocity greatest? least? 

b) acceleration greatest? least? 



S 
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APPLIED PHYSICS LABOIVlTOKY 




"The laws of physics are proposed to the student by the teacher 
or the textbook, or both, _as dogmatic truths* The student is 
expected to take them on faith... This is affine way to teach 
theology, but it is a protty sorry way of teaching science." 

Nathaniel H. Frank 



PROBLEM; To e:-cpe rime n tally determine the relationship between acceleration 
and mass, and to derive the force unit using Atwood’s machine. 



APPARATU S ; 

2 mass holders 
Pulley assembly 
Electromagnet assembly 
Spring contact assembly 
2 meter sticks (or tape) 
Triple beam balance 
Peg board & electric timer 



REFERENCES : 



2 slot“gm sets 
Cord 

Graph paper 
Clip leads 
Cork stop 
Foam rubber 



1, White, 



Modern College 



Physics , pp 
2. Stollberg, Physic s, 

pp7' 44-6 



GATHERING THE DATA ; 

Measure masses of mass holders A and B. 



(to peg 
board) 



1 . 

2. 



a) Attach pulley assembly at top of support. 

b) Line up electromagnet directly below the 
pulley assexnbly. 

c) Connect cord through electromagnet and 
cork stop to mass holders as shov/n. 

d) Mount spring switch close to floor — -a 
carefully measured £ distance (approx. 

2 meters). 

3« Compensate for friction by adding measured 
mass to A until when it is given a gentle 
push it moves downward with uniform velocity. 

4c a) Connect spring switch and electromagnet 
leads to'peg board as per peg board 
instructions. 

b) Connect table supply to peg board. 

c) Separate spring contacts w 

arm,'~ ' 

5. Place unbalanced 50gni mass on A, raise A to 

electromagnet, and energize electromagnet 
after A stops vibrating. 

6. a) Release A by pressing momentary switch. 

b) Register masses, s, and time in table. 

(Use average t of several trials.) 

c) Calculate acceleration a*. 




Total Mass 
(A 4- B) 


Unbalanced 

Mass 


a 


t 


t2 


a* s 2s 
W 




50 gm 











to 

peg 

board 



pivot 






spring 









contact 



cork^^ 

stop. 

allows 

approx. 

1 " 

travel 
afte.r 
A hits 
foam 
rubber 



1 






/^•(foam rubber) 









Nathaniel H«. Frank 



PjR0BLEI4: To experimentally determine the relationship between accelei’ation 

and mass, and to derive the force unit using Atwood's machine. 



APPARATUS ; 

2 mass holders 
Pulley assembly 
Electromagnet assembly 
Spring contact assembly 
2 meter sticks (or tape) 

Triple beam balance 
Peg board & electric timer 

GATHERING THE DATA ; 

1, Measure masses of mass holders A and B» 



2 slot-gm sets 
Cord 

Graph paper 
Clip leads 
Cork stop 
Foam rubber 



REFERENCES t 

1, White, Modern College 

Physics , ~'ppV '41-^ 

2, Stollberg, Physic s, 

pp,' 4^-6 



(to peg 
board) 



2, a) Attach pulley assembly at top of support. 

b) Line up electromagnet directly below the 

•pulley assembly. . 

c) Connect cord through electromagnet and 
cork stop to mass holders as shown. 

d) Mount spf'ing switch close to floor— -a 
carefully measured iS distance (approx. 

2 meters). 

3, Compensate for friction by adding measured 

mass to A until when it is given a gentle 
push it moves downv/ard with unifor m velocity. 

4c a) Connect spring sv/itch and electromagnet 
leads to peg board as per peg board 
instructions. 

b) Connect table supply to peg board. 

c) Separate spring contacts with insulated 
arm. 

5. Place unbalanced 50gm mass on A, raise A to 

electromagnet, and energize electromagnet 
after A stops vibrating. 

6. a) Release A by pressing momentary switch. 

b) Register masses, s, and time in table. 

(Use average t of several trials.) 

c) Calculate acceleration a*. 




n 



to 

peg 

board 



pivot 



Total Mass 
(A B) 


Unbalanced 

Mass 


s 


t 


t2 


a* = 2s 

ts- 




50 Km 












50 Km 




















— 1 


1 


Xo-gffl - r7~ 




r 1 



jpt n i 



I'.VvwwAWWWv'^ 



spring 

contact 



cork-^ 

stop. 

allows 

approx. 

1 " 

travel 
after 
A hits 
foam 
rubber 



icf oT 




“^•(foam rubber) 

•assuming acceleration constant 



7. Repeat step ^6, adding masses to both A and B in 50gm steps. 

8. plot graphs: 



a 



m 



1/m 



SUMl'IATION: 



O 

ERIC 



1. a) Which graph yields an easily understood relationship between the variables? 
b) What is the relationship? 

,c) What name is given to the constant of proportionality? 

2. V/hich law has been oxporiraentally demonstrated? Explain. 

3. a) V/hich law is involved in step ’’Gathering the Data” ? 

b) Explain how the effects of friction are compensated for, 

c) Explain how rcceleration, can be ahow^n constant, during, each tri«l- in 6 8: -7 . 

(use prior APL experiment experience) 
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APPLIED PHYSICS LABORATORY 




"If I have: seen a little further than others it is because I 
have stood on the shoulders of giants... I do not know what I may 
appear to the v/orld; but iTo myself I seem to. have been only like a 
boy playing on the sea shore, and diverting myself in now and then 
finding a smoother' pebble or a prettier shell than ordinary whilst 
the great ocean of truth lay all undiscovered before me." 

Newton 



PROBLEM ; To experimentally examine the relationship between force and 
"" acceleration. 



APPARATUS; 



REFERENCES: 



2 gm mass sets 
Graph pai>er 

Spring sv/itch assembly 
Formica board assembly 
Triple beam balance 



Level 
Cart 
Cord 
C clamp 
Can 



1. Taffel, Physics , pp. 103-5 

2. White, Modern College Physics , 

“ pp,' 4i^ 

3. MacLachlan, Matter and Energy, 

pp. 72^^ 



Peg board & electric timer 



GATHERING THE DATA: 



1. a) Measure cart mass with 2kg load and record, 
b) Measure mass of can and record. 



2. a) Set formica board parallel to and about 4" in from the laboratory 
■ table’s edge. 

. b) Level the board (use shims if necessary). 



3* Set electromagnet and spring switch for approximately 1 meter cart travel 
as shovm: 



SI 



c 






cloch' 



AC 

supply 



J: 






S2 



I -I 









Li_ 



'...f 



insulated arm 



/ 



8 = approx, Im. 



(accurately measured but less 
than fall of mass B) 



si amp 
to 

table 



Note ; Connect electromagnet, spring contact, 
& table leads as/peg board instructions^ 




f 

greater than 
d3 'tance from 
electromagnet 
to 

spring switch 






^>.^oam 



jc 



4. a) Separate spring contacts with insulated arm, 

b) Hold cart against electromagnet and close switch SI. 

c) Connect can to string— provide for maximum fall. 

5» a) Release cart by pressing momentary switch S2. and measure time to travel 
; , distance s. 

b) Record data in table and make necessary calculations. 



Total Accelerated Mass Unbalanced Mass (F) 






JS^ 



* _ 






.finding a smoother pebble or a prettier shell than oi'dinary whilst 
the great ocean of truth lay all undiscovered before me." 

Newton 

PROBXiEM t To experimentally examine the relationship between force and 
acceleration. 



REFERENCES : 

1. Taffel, Physics , pp. 103-5 

2. White, Modern College Physics, 



3» MacLachlan, Matter and Enex'gy, 

5pT72^:^ 



APPj\.RATUS t 

2 gm mass sets Level 

Gi'aph pax^er Cart 

Spring sv/itch assembly Cord 

Formica board assembly C clamp 

Triple beam balance Can 

Peg board & electric timer 

GATHERING THE DATA ; 

1. a) Measure cart mass with 2kg load and record, 
b) Measure mass of can and record. 

2. a) Set formica board parallel to and about k" in from the laboi’atory 

■ table’s edge. 

b) Level the board (use shims if necessary). 

3* * Set electromagnet and spring switch for approximately 1 meter cart travel 
as shov/n; 

insulated arm 



f. O 

rERIC 




8 = approx, Im. 

(accurately measured but less 
than fall of mass B) 



Note ; Connect electromagnet, spring contact, 
& table leads as/peg board instructions. 



greater than 
distance from 
electromagnet 
to 

spring switch 






/ 






k, a) Separate spring contacts with insulated arm. 

b) Hold cart against electromagnet and close switch SI. 

c) Connect can to string — provide for maximum fall. 

5» a) Release cart by pressing momentary switch S2. and measure time to travel 
distance s. 

b) Record data in table and make necessary calculations. 



Total Accelerated Mass 
Cart A + Can B (kg) 


Unbalanced Mass (F) 
Can B (kg) 


s 

Meters 


t 

Sec. 


a* = 2s 
t2 




Can B 










Can B 20 gm 


L— J 







6. Repeat step — transferring in successive steps 20gm of mass from cart A to 

I can B. 

SUMMATION; j\ ■ „ . _ 

■_ a I Note ; Force may be plotted in mass units. 

1. Plot graph. F Explain. 

2. Explain how assumption that acceleration a* is a constant can be experi- 

mentally justified. 

* > ■ * 

3. According to experimental data; 

. a) What is the relation between a and F? 

b) V/hat is the frictional .foi'ce . of., the. wheels -and pulley? • 

(IF TIME PERMITS, REPEAT ENTIRE EXPERIMENT WITH LIGHTER CART LOAD) 
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APPLIED PHYSICS LABOMTORY 




"Robert Hooke ... originated many physical ideas but perfected 

few of them. He had an irritable temper, and made many virulent 

attacks on Nev/ton and other men of science, claiming that work 

published by them was due to him." „ 

Harvey White 



"For fear of having his discovery 'stolen' by unscrupulous 
scientists, he published it at the end of one of his lectures in 
the form of an anagram 'ce iii nosss tt uv'. Later he divulged 
the proper order of the letters to be 'ut tensio sic vis' ... 
Elongation is proportional to tension." 

Henry Margenau 



PROBLEM ; To experimentally derive Hooke's Law and to determine the stiff- 
ness constants of springs. 



APPARATUS: 



REFERENCES ; 



Spr ings 
Load saddle 
l)^v. battery 
Meter stick 
Pine boards 
2 C clamps 

Depth micrometer & holder 



Circuit board & leads 
Hook-wts. 10-500 gm 
Slot-wts. 10-500 gm 
Spring rods 

3 iron stands & damns 



1. ViJhite, Modern College Physics, 

prT75 

2. Dull, Modern Physics , pp. 179~8o 
3« Stollberg, Physics Fundamentals , 

pp.' 2371^ 

4. Arons, Development of Concepts 
of Physics, pp. l6^'-7 



GATHERING THE DATA: 



1. a) Mount spring A for test., 
b) Note unloaded spring 
pointer reading Xi. 



c) Successively load spring 
in 100 gm steps. 

d) Note pointer reading 






I : 



0 



t9i 



F ("v/t" gm) 


X-: 


X 


s‘= X-X^ 


100 gm 








200 gm 






' 



for each load — record results in table. Caution - do not overload spring, 
e) Plot graph; ^ 



(cm) 



load ( gm) 

2* Repea.t step f/1 for springs B, C, and D (use appropriate loads & increments) 



3* Check board deflection: A 

a) note micrometer reading for unloaded board, 
(use reading which just lights bulb) 

b) add loo gm load— adjust micrometer to check 

deflection. ;• 

c) repeat b for successive 100 gm increments. 
Caution - do not release load before turning 

micrometer back. 

- do not over3.oad board. 

d) record data in table. 

e) ’ plot graph: deflection vs. load 

4. Repeat it^ for boards B, C, and D. 



t) level 
board 



k- 




Load 



lOOgni 



200gi 



Deflection 



B 



C'. 



D 



1^ 



— '.'IhlLCQ' 

"Pox* feax* of having his discovery 'stolen' by unscrupulous 
scientists, he publislied it at the end of one of his locturos in 
the fox-*]!! of an anagrixm 'ce iii nosss tt uv'. Later he divulged 
the proper order of the letters to be 'ut tensio sic vis' ••• 
Elongation is proportional to tension." Henr Mar enau 



PROBLEM ; To experimentally derive Hooke's Law and to determine the stiff- 
ness constants of springs. 



APPARATUS ; 

Springs Circuit board & leads 

Load saddle Hoolc-wts. 10-500 gni 

l)^v. battery Slot-wts. 10-500 gm 

Meter stick Spring rods 

Pine boards 3 iron stands & clamps 

2 C clamps 

Depth micrometer & holder 
GATHERING THE DATA: 



REFERENCES ; ■ 

1» V/hite, Modern College Physics, 

pTTT^ 

2. Dull, Modern Physics , pp, 179~80 

3. Stollberg, Physics Fundamentals, 

pp.' 237-8 

4. Arons, Development of Concepts 

of Physics, pp.' 16'4-7 



1. a) Mount spring A for test. 

b) Note unloaded spring 
pointer reading 

c) Successively load spring 
in 100 gm steps. 

d) Note pointer reading 






C? 



a 



F ("wt" gm) 




X 


s'= X-Xj_ 


100 gm 








200 gm 









for each load — record results in table. Caution - do not overload spring, 
e) Plot graph; ^ 

(cm) 




Load 


Deflection 


A 


B 1 


! ■ 


D 


lOOgc; 










200gD 











load (gm) 

2. Repeat step f/1 for springs B, C, and D (use appropriate loads & increments) 

5« Check board deflection: A 

a) note micrometer reading for unloaded board. 

(use reading which just lights bulb) 

b) add 100 gm load— adjust micrometer to check 

deflection. 

c) repeat b for successive 100 gm increments. 

Caution - do not release load before turning 

micrometer back, 

- do not overload board. 

d) record data in table. 

e) ‘ plot graj»h: deflection vs. load 

4. Repeat for boards B, C, and D. 

. "I 

5» Repeat ;^3 for 1/2 meter length of board A. 



SUWIATION ; 

1. According to data and graphs, what is the relationship betv/een force (load) 

and deflection in spring experiments? 

2. Determine k-“the constant of proportionality (or stiffness constant) for 

each spring. • 

3« For a board what effect does: a) halving length have on the deflection? 

b) doubling width have on the deflection? 

c) doubling depth have on the deflection? 

4, For gold purchased in Alaska and sold in San Francisco, would it be 

advantageous to use a spring balance calibrated in Washington, D. C. — 
rather than an equal arm balance? 

5. Devise a test for determing the elasticity of a rubber band! Try it. 

6_. Under v;hat restriction does Hooke's law operate? 



O 
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’’When a particle is acted upon by three forces, the necessary 
and sufficient conclition for equilibrium is that the three forces 
lie_. in one plane and that'each force be proportional to the sine 
of the angle between the other two." 

Fr. Lani's Theorem (16^0-1715) 



O 

ERIC 



PROBLEM ; To experimentally test .theories regarding the con^osition and the 
resolution of forces.. 



APPAMTUS; 



EEFERENCES ; 



2 spring scales Cord 

2 sets of gm "wts" Ring 

Heavy iron ball Iron stand 

Large protractor & arm Graph paper 

Table -supports & cx'ossbar Level 
2 pulleys 



1. Beiser, B asic Concepts of Physics , 

■ "pp. 39-W 

2. White, Modern College Physics , 

PP.~37^’So . 

Halliday & Eesnick, Physics, 

• pp. ‘13-T9™ 



GATHERING THE DATA: 



1 . 



Q O 



■Q 



-o*G 



>o- 






lOOOgm 



(II (ii 



lOOOgm 



What is cord tension? 



lOOOgm lOOOgm L 

Roughly check cord tension. 



2. a) Set up apparatus as shown. 

• b) Set angle 0 = 20 & record scale 
reading's A & B (include wt. of 
scale in each) 

c) Graphically determine the resultant 
& equilibrant of forces A & B. / 
--record data in table. 

d) Repeat steps b & c for 0 = 20*” , 



^0% 60% 80‘ 



100*^. & 120" 



0 


Force 


Force 


Equilibrant "gm" 


A gm 


B gm 


gr'aphical 


actual 


10" 










20" 






















level V/ A center ring. 
lOOOgm^ about circle 



a) Set up apparatus as shown. 

b) Set angle ©• ss 0 and record scale 

readings C and D. > 

c) Analytically determine the vertical 
and horizontal components of force C. 

d) Repeat steps b & c for 6- = 5*" ♦ 10*^ t 



15" 



— record data in table; 



Force 

C 



11 gmii 



Analytic 

Vertical 

Component 

"gm" 



Analytic 
Horizontal 
Component 



" gm" 





Force 


w 


D 


gm 


"gm" 







adjust 
pulley for 
line 

parallel to 
lab. table 









Fr. Lani's Theorem (1640-1715) 



PKOBLEM ; To experimentally teat .theories regarding the composition and the 
' resolution of forces.. 



APPARATUS ; 

2. spring scales Cord 

2 sets of gm "wts" Ring 

Heavy iron ball Iron stand 

Large protractor 8e arm Graph paper 

Table supports & cx'ossbar Level 
2 pulleys 

GATHERING THE DATA; 



REFERENCES ; 

1. Beiser, Ba sic Concepts of Physics , 

”” pp. 

2. White, Modern College Physics, 

— pp;37"»’5^r— *. 

3. Halliday & Resnick, Physics, 

. pp. lJ-1'9 ■ 



1. 



■Q 0 









i>o- 



lOOOgm 



.11 



lOOOgm 



□ 



What is cord tension? 



i lOOOgm lOOOgm 

Roughly check cord tension. 



2. a) Set up apparatus as shown. 

■ b) Set angle 0 = 20 & record scale 
readings A & B (include wt. of 
scale in each) 

c) Graphically determine the resultant 
& equilibrant of forces A & B. < 
--record data in table. 

d) Repeat steps b 8t c for 0 = 20*” , 

40° , 60% 80", 100 & 120“. 



0 


Force 
A gm 


Force 
E gm 


Equilibrant "gm” 


gx'aphical 




10^ 










20" 












level V/ A center ring. 
lOOOgmW about circle 



3* a) Set up apparatus as shown. 

b) Set angle ©• = 0 and record scale 

readings C and D. > 

c) Analytically determine the vertical 
and horizontal components of force G. 

d) Rej-ieat steps b & c for = 5*' » lO' t 

15% 

— record data in table; 



M- 



1 

e- 


Force 

C 

" gm" 


Analytic 

Vertical 

Component 

"gm" 


Analytic 

Horizontal 

Component 

"gm" 


W 

gm 


Force 

D 

"gm" 


o'- 






































adjust 
pulley for 
line 

parallel to 
lab. table 



<5 . 
ERIC 



SUm^iATION ; 

1. Other than the fact that grams are not weight units, does their use in this 
experiment interfere with the investigation of Fr. Lani's Theorem and 
force vectors? Explain. 

2. Compare graphical and experimental results of step # 2 . above. 

3. Compare' analytical and experimental resxxlts of step #3 above. 

4. Try verifying Fr. Lani’s Theorem using the following set up; 

5e V/hich is the safer W'ay to rope cargo? Why? 

120 Ar^ 60 forces diff- 

erent) 




Q 






r\A/ 

(make all angles 
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Team 



APPLIED PHYSICS LABORATOPY 




‘•An isoli'ted fact can be observed by all eyes; by those of the 
ordinary person as well as of the wise... Facts are sterile until 
there ax-e minds capable of choosing between them and discerning 
those which conceal something. . .minds which under the bare fact see 
the soul of the fact.'* 

Henri Poincare 



[’ 

5 

f 

h 

i: 

■ n 



‘ 4 ^ 



mc\ 



PROBLEM ; To experimentally and quantitatively determine the factors 
"" involved in moving objects in circular paths. 



APPARATUS ; 

250 X 2 gm balance Nylon cord 

Clamp & holder for balance 
Fire polished , glass tube & holder 
1" dia. spheres — brass, steel, etc. 



GATHERING THE DATA; 



REFERENCES ; 

1. Holton, Found, of Mod. Physic al 

Science , pp. 93-101 

2. White, Modern College Physics , 

■ ' pp. iobio'8' 

3 . Gamow, Physics , pp. 82-5 



1. Set up apparatus as shown in diagram. 

2. Read scale. Pull sphere aside and observe 
scale reading as sphere moves to & fro. 

5. a) Adjust fire polished glass tube for 
r = 1 meter. 

b) 'Pull brass sphere aside until 
B =10 cm. 

c) Release & note maximum scale reading 
(take average of 5 trials) 

d) Pull brass sphere aside until s = 20cm, 
30cm, etc. & repeat step #3c. 

e) Record results in table; 



T 

I 

r 

i 



Ot 



(fire polished glass 
tubing adjusted for 
plumb line) 



_2k_ 



s(cm) 


Mass(m) gm 


m^ = max. reading 


Centripetal '•F"=mg‘-m 


2 

^ f 












20 




... — ...■M.i. ■■ — ‘ 1— — . 







f) Plot 



Fvs.v^ 



100 



where; v^ := 2gs 



4. a) Check mass of brass sphere 

b) Hold brfiSS sphere as shown, release and note max. scale 

reading. (Take average of 5 trials) 

c) Repeat steps #ka and ifb for iron, aluminum, lead, 

wood, etc. spheres. 

d) Record data in table; 



a.._. 



1 m 



Sphere 


Mass 


m„ = max. read, 


Centripetal ".Force" 


e) Plot; 


Material 


m=gm 


0 

gm 


F ss m^ - ra 


L 






uul of the I act.' 



Henri Poincare 
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PROBl'.EM ; To experimentally and quantitatively determine the factors 
^ ~ involved in moving objects in circular pathSo 



APPARATUS ; 

250 X 2 gm balan,ce Nylon cord 

Clamp & holder for balance 
Fire polished glass tube & holder 
1" dia, spheres— brass, steel, etc. 



GATHERING THE DATA; 



REFERENC ES; 

1. Holton, Found, of Mod. Physical 

Scienc~e , p'p. 

2. White, Modei'n College Physics, 

’ I p’p 'id'5~o8' 

3 . Gamow, ' Physics , pp. 82-5 
A 



1. Set up apiparatus as shown in diagram. 

2. Read scale. Pull sphere aside and observe 
scale reading as sphere moves to & fro. 

3. a) Adjust fire polished glass tube for 

r = 1 meter. 

b) ’Pull brass sphere aside until 
s = 10 cm. 

c) Release & note maximum scale reading 
(take average of 5 trials) 

d) Pull brass sphere aside until s = 20cm, 
30cm, etc. & repeat step #3c. 



T 

t 

r 

i 



(fire polished glass 
tubing adjusted for 
plumb line) 



jk- 



s(cm) 


Mass(m) gm 


fflg = max. reading 


Centripetal "F"=Hij,-m 


2 

^ f 


lo 










20 






. - 





f) Plot 



Fvs.v^ 



F 




where; v^ = 2gs 



a) Check mass of brass sphere 

b) Hold brass sphere as shown, release and note max. scale 

reading. (Take average of 5 trials) 

c) Repeat steps #4a and 4b for iron, aluminum, lead, 

wood, etc. spheres. 

d) Record data in table; 



1 m 
1 



Sphere 

Material 


Mass 

m=gm 


m = max. read. 
8 

gm 


Centripetal "Force” 
F = m^ - m 


brass 








iron 








1 






1 



e) Plot; 



wooc 



m 



2 



SUr#lATION ; 

1. How accurately can the scale used be read? 

2. What is the relationship between: a) F and v^ ? 

b) F and m ? 

2 ■ ■■’• ' 

3. Show that £ 2gs 

2 

4 . How are F, m, v , and r related in equation form? Justify. 



100 
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APPLIED PUISICS I.ABORATOKY 




"In physics, as in mathematics, it is n great beauty if a 
theory can bring together apparently very different phenomena and 
shov/ that they are closely connected; or even' dif fei'ent aspects of 
the same thing, as when* * • c Newton showed that the moon v/as falling 

like an apple." George Thomson 



PROBLEM: To examine the relationship between the maBS, radius, velocity, 

and force of an object in uniform circular motion. 



APPARATUS ; 

Stop watch Triple beam balance 

Metronome 

Cord 

Graph paper 

Rubber stoppers ;^2,^ ,6, 8,10,12 
Welch centripetal force apparatus 



REFERENCES ; 

1. Holton, Found, of Modern Physical 

Science , pp. 93-101 

2. White, Modern College Physics , 

• ~ ~~ • pp. lbo-8 

3. Gamow, Physics, pp. 82-5 



GATHERING THE DATA; 



(V/EAR GOGGLES DURING EXPERIMENT! ) 



1 . 




D 



Compare variation of ? with m: 

a) make loop at one end of cord, slip 
through hole of #2 stopper, and hook 
securely over stopper. 

b) pass other end of cord through glass 
tube at top of centripetal force 
apparatus and fasten via loop to 
Newton scale hook. (Cord— loop to . 
loop approx.- Im. ) 

c) adjust up and down for radius to 
center of stopper equal to 0.5m— 
include portion of radius due to 
stretching of Newton scale spring. 

e) an eccentric rocking motion is required 
—but when stopper is rotating at desired 
RPM, hold apparatus vertically motionless 
and quickly take Newton scale reading. 

f) set metronome for 100 RPM (check with stop watch), get if2. stopper 
revolutions to synchronize v/ith the metronome and record Nev/tons in 
table. 

g) repeat for 6, 8, 10, and 12 stoppers. 




d) grasp at top 
8s bottom and 
whirl stopper 
around. 



Stopper # 


m(mass) kg 


F (nt. ) 
c 



























0 

ERIC 

Mi’lliiHilfflffTIfliiU 



2» Compare variation of F with r: 

a) whirl #8 stopper at l80 RPM with 
. r = 0.2m radius. 

b) repeat ^ with 0.4, 0.6, & 0.8m 

. radii (whenever radius is increas- 



Stopper 


r (meters) 


RPM 


Fq (nt) 


#8 


0.2 


l8o 






0.4 


90 






0.6 


60 





p 



a 



like an apple." 



Sir George Thomsoii 



PROBLEM! To examine the relationship between the mass, radius, velocity, 
and force of an object in uniform circular motion. 



APPARATUS ! 

Stop watch Triple beam balance 

Metronome 

Cord 

Graph paper 

Rubber stoppers ;^^2,4,6,8,10,12 
Welch centripetal force apparatus 



REFERENCES ! 

1, Holton, Found, of Modern Physical 
Sc ience , pp. 9j5~i01 
2* White, Modern College Physics , 

• pp. T66~8 

3. Gamow, Physics, pp. 82-5 • 



GATHERING THE DATA: 



(WEAR GOGGLES DURING EXPERIMENT i ) 



1 . 




Compare variation of F with m: 

a) make loop at one end of cord, slip 
through hole of if2. stopper, and hook 
securely over stopper. 

b) pass other end of cord through glass 
tube at top of centripetal force 
apparatus and fasten via loop to 
Newton scale hook. (Cord— loop to . 
loop approx.- Im. ) 

c) adjust up and down for radius to 
center of stopper equal to 0.5m~ 
include portion of radius due to 
stretching of Newton scale spring. 

e) an eccentric rocking motion is required 
—but when stopper is rotating at desired 
RPM, hold apparatus vertically motionless 
and quickly take Newton scale reading. 

f) set metronome for 100 RPM (check with stop watch), get stopper 

revolutions to synchronize with the metronome and record Newftons in 
table . . 

g) repeat for J5^4, 6, 8, 10, and 12 stoppers. 




d) grasp at top 
& bottom and 
whirl stopper 
around. 



Stopper # 


m(ma6s) kg 


F (nt.) 
c 


. 


' 























2 . 



3. 



Compare vax-iation of F with r: 

a) whirl #8 stopper at l80 RPM with 
r = 0»2m radius. 

b) repeat ^ with 0.4, 0.6, 8e 0.8m 
radii (whenever radius is increas- 
ed, proportionally decrease RPM 

to keep speed constant) 

2 

Compare variation of F with v 8e v : 

a) whirl #8 stopper with r = 0.5m 
and record data for 60 RPM, 100 
RPM, 3.40. RPM, and l80 RPM. 

b) calculate velocity— m/sec . and 
(velocity)^ 



stopper 


r (meters) 


RPM 


Fc (nt) 


#8 


0.2 


l8o 




i^^8 


0.4 


90 




^8 


0.6 


60 




#8 


0.8 







— m^/'sec^ 



Stopper 


RPM. 


m/sec. 


2 2 
m /sec. 


#8 


60 






#8 


100 






#8 


140 






#8 


180 







Sm-g-lATION ! 

1. Plot graphs! 



m r 

2* What is the relation between variables? 

3* Does < 0 < 90* introduce error 
into data? Explain in detail. 



O 

ERIC 




V v2 

Is there agreement with F = mv^ 

r 

(i.e. Line holding stopper 
not horizontal) 
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APPLIED PHYSICS LABORATORY 




’'Engineering investigations evidently are of no value unless 
they can be communicated to those to whom they are of interest. 

Thiis the engineei-ing report is an essential and important part of 
the work. ...an engineer. .. .who is so much interested in the inves- 
tigating work that he hates to 'waste' the time of making proper 
and complete repoi'ts. . . . in general destroys the value of the work." 

Charles P. Steinmetz 



"It is a good rule to write a paper out, put it away for a 
week, and then revise it as if it had been written by a personal 
enemy, mercilessly excising the trite, the obvious, and the 
inconsequential, and straightening up every deviation from the 
straight and narrow road to the truth." 

L. .V/. McKeehau 



PROBLEM ; To write-up a finished report based, on data gathered at an earlier 
date by physical experimentation. 



APPAPJITUS ; 
Slide Rule 



REFERENCES ; 
APL library 
Lab. notes 



\ 



MAKING THE REPORT ; . • ■ 

1. Place appropriate heading at top of paper. 

2. State problera. 

List apparatus used in experiment. 

4. List references; Author, Title , pages. 

5» Retrace the procedure employed — detailed sketches add to lucidity. 

6. List data with units in tables. 

7. Show all required equations and computations. 

8. Graphs should be large and clearly labeled. 

9» Substantiate conclusions. 

10. Ansv/er all questions with complete sentences. 

.11. Conclude report with a list of things learned as a result of the 
experiment. 



Station 



,o 



Exp. ;^ 



Team 



AVIATION HIGH SCHOOL 



APPLIED PHYSICS LABORATOR 




Name 



PROBLEM; 



ERIC 

MMfflffTliLilJ 



APPARATUS; 



REFERENCES; 






tigatinfs wox'k that he hates to 'waste' the time of making proj(er 
and complete reports. in general destroys the value of the work." 

Charles P. Steinmetz 



! 



t 

j. 

[ 



I 



"It is a good rule to write a paper out, put it av/ay for a 
week, and then revise it as if it had been written by a personal 
enemy, mercilessly excising the trite, the obvious, and the 
inconsequential, and straightening up every deviation from the 
straight and narrow road to the truth." 

L...W. McKeehan ■ 



PROBLEM ; To va’ite~up a finished report based on data gathered at an earlier 
date by physical experimentation. 

REFERENCES ; 

APL library 
Lab. notes 



APPARATUS ; 
Slide Rule 



> 






! 




!• 

t 

I 




i 

I 




MAKING THE REPORT ; 

1. Place appropriate heading at top of paper. 

2. State problem. 

3. List apparatus used in experiment. 

4. List references; Author, Title , pages. 

5. Retrace the procedure employed -- detailed sketches add to lucidity. 

6. List data with units in tables. 

7* Show all required equations and computations. 

8. Graphs should be large and clearly labeled. 

9. Substantiate conclusions. 

10. Ansv;er all questions with complete sentences. 

11. Conclude report with a list of things learned as a result of the 



experiment. 
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APPLIED FIIYSICG LABORATORY 




"Historically as well aa logically, mechanics represents the 
foundation of physics and the prototype for the study of other physical 
sciences. The concepts which we shall meet ih mechanics will appear 
again and again... .as though mechanics provided a frame on which 
physical science is erected. . .mechanics is to physics what the skeleton 
is to the human figure...." 

Gerald Holton 



PROBLEM: 



To experimentally determine the velocities, momentums, and kinetic 
energies of two objects separated by an "explosion." 



APPARATUS: 



REFERENCES: 



Stop watch 
2 momentum carts 
2 batteries: 

2 bumpers 
Timer supports 
Triple beam balance 
2 recording timers & tape 



Gm-"wt" set 
Kg "vs-ts" 
k clip leads 
k clamps 
2 clips 



1. Vk'hite, Modern College Physics, 

pp. 22^^- 

2. Feynman, Lectures on Physics, 

pp. 101-108 

Sears & Zemansky, University Physics , 

pp. 192-4 



GATHERING THE DATA; 



CAUTION; V/EAR GOGGLES DURING EXPERIMENT; KEEP AWAY FROM EXPLODER SPRING! 



1 . 



Calibrate recorder timer A and recorder timer B. 
a.) pull approx. 1 meter of tape through timer during a carefully measured 
period of time. ’ . 

■ b) count spaces by marking off in groups of 10. 
c) time for one space = t (time for all spaces) 



number of spaces in time t 

(Note; the timers will probably have different frequencies— do not 
confuse them) 



2. Measure and record mass of each cart. 



5. Inspect operation of spring mechanism. 

a) release spring lock on bottom of cart— keep away from face! 

b) press spring release— reload in half cocked position and release. 

—reload in fully cocked- position and release. 

k, a) Set up apparatus as shown:q/l2^^^^battery 

(fasten tape to — ..i (bumper clamp- 

cart with / I — 1 I — ( ed to table). 

V 



alligator clip)' 



:Vi 



O 



O 



(tape ).-^c 



C'~. 



7tJ" 



tmount timer on 
v^ood block) 



b) Place carts together with spring cocked; start recording timers and 

release "exploder" spring. 

c) Iferk off and measure the first ten equal epaces-^-determine the time 

for the 10 spaces. 

d) Repeat for fully cocked spring. 



Repeat step for cart B with mass 2x that of cart A; Cart B with mass 4x 
that of cart Record data in tahlfi R- comr>let.f> j-.-inav-; > 



o 

ERIC 



i7aTi;o7;!..i. tod. . .mechanics is to physics what the skeleton 

is to the human figure...." 

Gerald Holton. 



PROB LEM; To experimentally determine the velocities, moment urns, and Icinetic 
energies of two objects separated by an "explosion." 



Gm "wt" set 
Kg "vrte" 

^ clip leads 
4 clamps 
2 clips 



REFERENCES ; 

1. White, Modern College Physics , 

pp-;- ^2515' ' . 

2. Feynman, Lectures on Physics , 

pp . lbl-l'08 

3. Sears & Zemansky, University Physics , 

pp. I9H-4 



APPARATUS ; 

Stop watch 
2 momentum carts 
2 batteries: 

2 bumpers 
Timer supports 
Triple beam balance 
2 I'ecording timers & tape 

GATHERING THE DATA : 

CAUTION ; V/EAR GOGGLES DURING EXPERIMENT; KEEP AWAY FROM EXPLODER SPRING! 

1. Calibrate recorder timer A and recorder timer B. 

a.) pull approx. 1 meter of tape through timer during a carefully measured 
period of time. 

• b) count spaces by marking off in groups of 10. 
c) time foi' one space = t (time for al3. spaces) 

number of spaces in time t 

(Note; the timers will probably have different frequencies— -do not 
confuse them) 

2. Measure and record mass of each cart. 

3. Inspect operation of -spring mechanism. 

a) release spring lock on bottom of cart— keep away from face- 

b) press spring release-preload in half cocked position and release. 

—reload in fully cocked- position and release. 

4. a) Set up apparatus as shown ;^-j_^l^^^^^battery 

(fasten tape to 
cart with 
alligator clip) 



:vj 



.0 



. . .. j \ y 

tH 



o 



o 



( tape ). 






o 



cv 



(bumper clamp- 
ed to table). 

V 



■'f( mount timer on 
wood block) 






b) Place carts together with spring ^4 cocked; start recording timers and 

release "exploder" spring. 

c) I-Iark off and measure the first ten equal spaces— determine the time 

for the 10 spaces. 

d) Repeat for fully cocked spring. 

Repeat step for cart B with mass 2x that of cart A; Cart B with mass ^x. 
that of cart A'. Record data in table & complete calculations; 



Spring 

Half 

Cocked 


10 spaces 
meters 


Total Mass 
kg 


Velocity 

s 

^ = ■t 


Momentum 
p = mv 


Kinetic Energy 
2 

mv 


A 


6 


A 


6 


A 






B 


A 




equal masses 






















2;1 mass ratio 






















k:l mass ratio 























(Make similar table for data when spring fully cocked. ) 

SUMMATION ; 1. For each test compare; 

a) the' velocities of cars A & B. Generalize results. 

b) the momentums of cars A & B. Generalize results. 

c) the Icinetic energies of cars A & B. Generalize results. 

2. Place a large unlcnown mass on cart B, repeat step ^4, and calculate unlcnown 
mass. Check. 
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APPLIED PHYSICS LA30EAT0RY 




"Galileo devised the inclined plane and the little wator clock 
so that he could measure by pulses in the clock the amount of time 
elapsed during the space-intervals of a falling, body. ... he rl^ade 
Claude tables with a tremendous amount o.f experimental error in them. 
He had a crude inclined plane with its surface friction and a crude 
clock with its irregula.rit.ies, . . . But though the data v/as rough 
he did get the answer to the question about, the way bodies fall," 

Mortimer Adler 



PROBLEM ; To experimentally determine the acceleration of gravity: 

1. by using a pendulum . 

2. by using Atwood's machine. 

REFERENCES;' ' 



APPARATUS ; 



gm "v/t" set 
graph paper 
meter stick 



Bob 

2 cans 
Cord 
Stopwatch 

Metric tape measure 
Double pulley assembly 
Triple beam balance 
2 X ^ pendulum support and arm 



GATHERING THE DATA; 



1. Arons, Development of Concepts of 

Physics , pp. l47~fc) 

2. Holton, Foundations of Modern 

P hysica!!' Science , pp,78~80 

3. White, Modern. College Physics , 

pp. 



1. Design and implement appropriate experiments for determining g« 

2. ShoviT all steps, data, and computations. 

3. Finished report should enable other scientists to duplicate and verify 

results. 



O 

ERIC 






n^JKu^^5rud^irKrrined^)2^new^ni^Tj^3urfac friction and a crude 
clock with its irreg-ularities» . . . But though the data v/as rough 
he did got the answer to the question about, the way bodies fall.” 

Mortimer Adler 

PROBLEM ; To experimentally determine the acceleration of gravity; 

1. by using a pendulum. 

2. by using Atwood's machine. 



gm "wt” set 
graph paper 
meter stick 



APPARATUS ; 

Bob 

2 cans 
Cord 
Stopwatch 

Metric tape measure 
Double pulley assembly 
Tx'iple beam balance 
2 X k pendulum support and arm 



REFERENCES ; ' 

1. Arons, Development of Concepts of 

Physic s'^ ppV 

2. Holton, Foundations of Modei'‘n 

Physical ScienceV pp. 78-80 

3. White, Modern College Physics , 

' pp^» .24b-5d 



GATHERING THE DATA; 

1. Design and implement appx’opriate experiments for determining g. 

2. Show ail steps, data, and computations. 

3» Finished report should enable other scientists to duplicate and verify 
results. 



SUMI4ATI0N ; 

1* Justify procedures. 

2, Explain discrepancies in results and suggest how these could be minimized 
if the experiment were repeated. 



O 
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APPLIED PHYSICS LABOMTOPY 




"A truism novi v/idely believed is that science is more genuinely 
understood by one vfho is familiar with its historical background and, 
conversely, that history "\vhich fails to inclu''de an, account of 
scientific development is but half the 5tory-~and perhaps not the 
better half,” 

Chi'l Boyer 



PROBLEM ; To predict the ideal mechanical advantages of pulley systems and 
to experimentally chock predictions. 



APPAMTUS ; 

6 single pulleys 
2 double pulleys 
2 triple pulleys. 

2 quadruple pulleys 
table cross bars 
2 meter sticks & stands 

GATHERING THE DATA: 



gni ”wt” set 
rubber bands 
cord 



RE.FERENCES ; 

1, Dull, Modern Physics , pp, ll8~20 

2. Rogers, Physics for the 

■ ■ Inquiring Min d, 

. pp. 575“7 



1 . 



W\ W \ V jJ i- 



A - 



□ 



e t: 






^3 



a 



j- 



L 









Pulley 

System 


Predicted 

IMA 


e (cm) 


r (cm) 


Experimental 

IMA' 


A 










B 




















1 








1 









a) predict IMA of pulley system A 

b) hook-up system & move effort a convenient distance & then measure the 

distance r (load; moves. 



c) , T . e distance 

calculate IM = 



(record data in table) 



r distance 

2. Repeat step ?^1 for the foD ov^ing' pulley systems; 






□ 



,\ JV A 









B 



K 







Cfarl Boyer 



PROBLEM ; To predict the ideaJ. mechanical advantages of pulley systems and 
to experimentally chock predictions. 



APPARATUS ; 

6 single pulleys 
2 double pulleys 
2 triple pulleys, 

2 quadruple pulleys 
table cross bars 
2 meter sticks & stands 

GATHERING THE DATA ; 

1. 



gra "wf* set 
rubber bands 
cord 



REFERENCES ; 

1, Dull, Modern Physics , pp, ll8~20 

2. Rogers, Physics for the 



Inquiring 



Mind, 

pp. 575-7 



A 



■ 0 






e t: 






:d 









n 









Pulley 

System 


Predicted 

IMA 


e (cm) 


r (cm) 


Experimental 

IMA' 


A 

B 




• 















R ~ 


' 1 


r 







a) predict IMA of pulley system A 

b) hook~up system & move effort a convenient distance & then measure the 

distance r (load; moves. 



c) T T . e distance 

calculate IMA = 



(record data in table) 



r distance 

2. Repeat step for the folD ov-'ing pulley systems; 



s S V ^ V ^ \ M ^ ^ 



^ \ V > \ >■ A S A s\VV \ \ y s \. ■ \ ^ \ ^ 



uJ 

Q 





yjL. A \ \ > V.>.. -N V \ N A \ \ 



o 




K 



□ 



SUMMATION: 




M 
/T\ 



y 







^ V \ A V \ \ ^ \ -V-A V \ 




p 









a 



_VA-V^A_i. 



Q 









R 



vy 

a 



1. state the general rule usually used to. determine the' ideal mechanical 
advantage of a pulley system. 

2, Does the rule hold for all the pulley systems tested? 

If not, for v/hich does it fail? Explain. 

5. -Describe a method which works for all pulley systems. 

A-, v/hich, if any, pulley systems were especially frustrating? 

Describe difficulties. 

5« V/ith available equipment, design & hook-up a pulley system with large IMA. 

6. "The human body does not contain any pulley systems." Critically appraise. 
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APPLIED PHYSICS LABOPATOPY 



"In nciture we nevei’ will see anything isolated but everything 
in connection v/ith somet}iing else which is before it, beside it, 
undei- it, and over it." ' ‘johann Goethe 



PROBLEM: To measure coefficients of friction (Part I) 



APPARATUS : 



REFERENCES ; 



Wood board 
Formica board 
Masonite board 
Glass on board 
Level 
Cord 

Graph paper . 



250gra spring balance 
Hooked "wts." O-lOOOgrn 
Slotted "wts." 0“1000gm 
Iron, stand & arm 
5 v/ood blocks 
Formica block 



1. Halliday 2: Resnick, P hysics , 

pp. 95-6 

2. Arons, Development o f Conc epts 

of Physics, pp^ 152-6 



N 



GATHERING THE DATA: 



1. Method #1 



± 



- G=^ -o- 



F 



a) place lOOgm wood block with large 
face on leveled wood board 

b) pull block at constant speed v/ith 
spring balance & note "gra" force 
required — record in table. 

c) repeat step #lb with loads suc- 
cessively increasing in lOOgm steps 
to . .500gm 



d) plot graph 




N 



e) calculate coefficient of friction 
2, Method #2 



a) place v/ood block on wood inclined 
plane 

b) adjust inclined plane angle until 
slight push causes wood block to 
slide down inclined plane at 
constant speed 

c) measure h & 1 & record in table 

d) compute coefficient of friction: 

• : /^ = T 

e) repeat • previous steps for total 
loads of 300 , 600, & 1000 gms 




3* After completing summation, measure 
the coefficients of friction of all 
the combinations of materials 
supplied. 

--use methods #1 and #2 but for only 
one load- in each case 



Materials 


/ N 






wood on wood 






wood on glass 







formica on glass 



< • T T V n r A m t /'♦i t . 



PRQ13LSH: To meaoui'o coefficients of friction (Part I) 



APPARATUS ; 

Wood board 
Formica board 
Masonite board 
Glass on board 
Level 
Cord 

Graph paper 



250gm spring balance 
Hooked "v/ts.” 0~1000gra 
Slotted "wts." O-lOOOgm 
Iron, stand & arm 
3 v/ood blocks 
Formica block 



RE FERENCES ; 

1. Hslliday 2; Resnick, P hysics , 

~PP» 95-6 

2. Arons, Development of Concepts 

of Physics, pp^ 152-6 



N 



GATHERING THE DATA ; 

1. Method 

a) place lOOgm wood block with large 
face on leveled wood board 

b) pull block at constant speed with 
spring balance & note "gra" force 
required — record in table. 

c) repeat stejj ?/^3.b with loads suc- 
cessively increasing in lOOgm steps 
to . 500gm 

d) plot graph 



± 



-G=^-o- 



F 

-> 



Total load N 
gras 


Force F 
gms 


















N 

e) calculate coefficient of friction 
2. Method #2 

a) place v/ood block on wood inclined 
plane 

b) adjust inclined plane angle until 
slight push causes wood block to 
slide down inclined plane at 
constant speed 

c) measure h & 1 & record in table 

d) compute coefficient of friction; 

■ 

e) repeat previous steps for total 
loads of 300, 600, 2c 1000 gms 



3» After completing summation, measure 
the coefficients of friction of all 
the combinations of materials 
supplied. 

--use methods ;rl and #2 but for only 
one load in each case 





aUtWnON ; 

1. For method ffly what relationship does the graph indicate exists between 
force F and normal force N? What is the constant of proportionality called? 

2. Derive equation; ^ ( hint - use trigonometric relations) 

3. How does load affect; a) the coefficient of friction? 

b) the force of friction? 

k, ''Coefficient of friction is independent of contact area'* 

Devise and implement an experiment which tests this statement. 
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APPLIKD PHYSICS LABORATORY 



"Mechanics is the paradise of the mathematical sciences because 
by means of it one comes to the fruits of mathematics," 

— , Leonardo da Vinci 



"A research problem is not solved by apparatus, it is solved 

in a man's head... The laboratory is the means by which it is 

possible to do the solving after the man has the idea clax’ified 

in his mind." n • 

Chas. F. Ketterxng 



PROBLEM ; To measure coefficients of friction by a method which avoids the 
necessity for moving the objects tested at constant speed. 



APPARATUS; 



REFERENCES; 



Wood board 
Masonite board 
Formica board 
Glass on board 
Hook~wts. 10~500 gm 
Slot~wts. 10-500 gm 



Level 

Cord 

Meter stick 



1. Eagle'son, Am. Joux*nal of Physics— 

vo i .’ . i^ - p « 45 



GATHERING THE DATA; 



tape 






1. Method #3 



a) attach 100 gm wood block to 

100 g-m wt. 



parallel 



or 

JL 



o 



b) level v/ooden board 8e set at edge 
of lab. table as shown. 

c) line up block against stop, v/ith 
cord parallel to sides of wooden 
board (use tape indicator for 
easy repetition) 

d) adjust distance h to approxi- 
mately (but carefully measured) 

25 cm 






-o- 






J 



y 

h 

X j^boxes 



y. I 

stool 



-S 






e) release block and measure total distance traveled s 

-use the mean of several trials _ 

-for a particular trial, if block tilts, use mean distance. ‘•~-J 

f) calculate coefficient of friction h , • . 

p= where (d = s-h) 



2. After completing summation, repeat method #3 to determine the coefficients 
of friction of other combinations of materials. 



SUMMATION; 



1. Derive equation 
a) let; 



J- 1® 



where m^ = 



O 

ERIC 



b) Hint ; . Equate forces 




Force exerted by m^ = force of friction + force to accelerate^ 
Note m^ = (by design) 



p 



o 

ERIC 



"A i’esuarch problem is not solved by apparatus, it is solved 

in a man's head..# The laboratory is the means by which it is 

possible to do the solving after the man has the idea clarified 

in his mind." ^ ■ 

Qhas# F. Kettering 



PROBLEM ; To measure coefficients of friction by a method which avoids the 
necessity for moving the objects tested at constant speed. 



APPARATUS : 



Wood board 
Masonite board 
Formica board 
Glass on board 
Hook-wts. 10-500 gra 
Slot-wts. 10-500 gm 

GATHERING THE DATA: 



Level 

Cord 

Meter stick 



REFERENCES ; 

1. Eagleson, Am. Joui^nal of Physics — 
■ Vol. . 15 p. 45 



tape 



a 



1. Method #5 

a) attach 100 gm wood block to 

100 gm vft. 



parallel 


















boxes 



1 



b) level v/ooden board 8e set at edge 

of lab. table as shown. . l_ 

c) line up block, against stop, with 
cord parallel to sides of wooden 
board (use tape indicator for 
easy repetition) 

d) adjust distance h to approxi- . 

mately (but carefully measured) 

25 cm 

e) release block and measure total distance traveled s 

-use the mean of several trials s ■>/ 1 

-for a particular trial, if block tilts, use mean distance. ^ 

f) calculate coefficient of friction ,, h , • , . 

n= where (d = s-h) 

2. After completing summation, repeat method #3 to determine the coefficients 
of friction of other combinations of materials. 



[3 

7 
h 

•k._K 

stool 



SUMMATION; 



Lii 






a 







1. Derive equation ^ 

a) let; 



where m^ = 

b) Hint ; Equate forces 

Force "exerted by = force of friction + force to accelerate^ .(m^ + m^) 
Note m^ = m^ (by design) 

c) Hint ; Solve for a. 

Equate energies 

Potential energy of = total work against friction for distance (h+d) 
(at start) + kinetic energy of (in terms of a) 

(just before stops) 

MSi* Substitute value of a from step c in step d & solve for t* 

2. Justify hints b and d. 
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APPLIED PHYSIG.S LABORATOHY 




"Much of the significance of accumulated knowledge lies in an 

understanding of the process by which it was accumulated." 

— * 

~~ B. Conan t 

"The history of an exact science doesnot deviate markedly 
from its structure as developed logically." 

Max Planck 



PROBLEM: To determine the mechanical advantages and efficiencies of machines. 



APPARATU.S ; 

2 nt. scales 

1 single pulley 

2 double pulleys 
2 triple pulleys 

2 quadruple pulleys 
Table cross bar 
Worm & worm v/heel 

GATHERING THE DATA; 



Jack 

Cord 

Gm "wt" set 
25 kg "wts" 
Iron stand 
Chain hoist 
Gear train 



R EFERENCES ; 

1. Dull, Modern Physics , pp. 124-7 

2. Taffel, Visualiaed Physics, 

96-108 

3. Rogers, Physics for the- Incuir- 

ing Mind, pp. 373-6 



1. Place appropriate load (measured in newtons) on each of the following 
pulley systems and determine: 



a) IKA = If- 

b) AMA = I 

Jbli 



Ji ^ ^ -N A. 



c) Eff. = 

d) Eff. = 



V/orkout 

Workin 

AI>IA 

IMA 



.) Eff. =^51^ 




R (load) 



(where E4- is the downv,?ard effort at constan t 
velocity & E- is the upv.rard effort at constant 
velocity as load R is allowed to move downwai’d) 

Note ; —measure E v/hen it is moving at 
constant velocity. 

—include newton scale weight in E value. 




0 ® 



2. Repeat step for the following machines: 

Worm & Worm wheel Gear Train 

Jill 






Differential Chain Hoist 



Jack 



E 



R 



VI 



E 



R 

( large)! 




VII 





E 




,( large) 


1 


i 

VIII 



E 



Machine 


Effort 


Resisi 


;ance 


. IMA 


AMA 


Eff. (c) 


Eff.(d) 


Eff.(e) 


Ed 


E 


Rd 


R 


I 




















II 





















r 



•’The history of an exact science does not deviate markedly 
from its structure aa developed logically." 

Max Planck 

PiROBTiEM ; To determine the mechanical advantages and efficiencies of machines. 



APPAllATUS t 

2 nt. scales 

1 single pulley 

2 double pulleys 
2 triple pulleys 

2 quadruple pulleys 
Table cross bai* 
Worm & worm v/heel 

GATHERING THE DATA: 



Jack 

Cord 

Gm "wt" set 
25 kg "wts" 
Iron stand 
Chain hoist 
Gear train 



R EFERENCES : 

1. Dull, Modern Physics , jjp. 124-7 

2. Taffel, Visualised Physi cs, 

pp. 96-108 

5» Rogers, Physics for the- Inquir- 
ing Mind, pp, 3?5-6 



1. Place appropriate load (measured in newtons), on each of the following 
pulley systems and determine: 



a) IMA = If 

•Wd 

b) AMA = I 






c) Eff. = 

d) Eff. = 



Workout 

Workin 

AWA 



IMA 



f> ^ Ti’f'F — ^4' ^ - 

e,) Bfy. „_L__ 




V \ \ N A \ 







R (load) 



vy 

(where E^- is the downv/ard effort at constant 
velocity St E_ is the upward effort at constant 
velocity as load R is allowed to move downward) 

Note : —measure E v/hen it is moving at 
constant velocity. 

—include newton scale weight in E value. 
2, Repeat step #1 for the follov/ing machines: 

Worm & Worm whe el Gear Train 







E I I'i R 

VI 



Differential Chain Hoist 



E 



Jack 



R 

(large) 




VII 





R 




(large) 


i 


1 

VIII 



E 



Machine 


Effort 


Resisi 


bance 1 


1 

IMA 


AMA 


Eff. (c) 


Eff.(d) 


Eff.(e) 


Ed 


E 


Rd 


R 


I 




















II 






























SUI»1MTI0N : 

1. Justify: a) Eff. = 



AMA 



b) Eff. = 



E.^- •i’ E — 



IMA " 2E^ 

2. V/hy was it necessary to move B with constant velocity when talcing readings? 

3. Describe an easy way of increasing the jacks mechanical advantage v/ithin 

reasonable limits. 

E 4 - + E- 



4, Why isn’t 



Eff. = 



2E 



always applicable? 



5. Compare the methods for determining machine efficiency. 



O 
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"I never tvy to dissuade a man from trying an expsi'iraent, 
he does not find what he v/ants he may find out something else." 



Clerk Maxwell 



"The book of Nature is a fine large tapestry x-olled up which we 



are not able to see all at onceo" 



Robert Boyle 



PRO.K^EM: To measure and calculate pressures and to check the relationship 

betv/een air pressui-e and volume* 



APPARATUS; 



REFERENCES; 



Pressure gauge 
Plastic tubing 
Hand pump 

Iron stand and clamps 
Y»’eights, stii’rup, and stand 
Scale 
Barometer 



1, Gamow, Physics Fund, and Frontiers, 

'pp.' 2'6-30 

2, Beiser, The Science of Physics , 

pp. 150-52 

5 . Stollberg & Hill, Physics ,pp. 203~6 
4, Sears & Zeraansky, University Physics , 

PP« 2 B 3-5 

5* Halliday & Resnick, Physics,pp. 364-67 



f 



GATHERING THE DATA: 



1, Check v;ater pressure vs. head. 

a) Fill plastic tubing completely with water using sink faucet — 
avoid bubbles— keep water in tubing by holding 'both ends of tubing 
at same height from floor. 

b) Fasten one end of tubing to pressure gauge. 

c) Mount pressure gauge at bottom of lab. table v;ith bolts. 

d) Gradually raise free end of tubing in 0,5* steps, noting pressure 
gauge reading at each step, an d re cord data in table. 



Head h (ft.)i 


Gau ffe Pre ssux'o Ip^sil 


0 ! • 


0.5 1 






1 XO 


' ■ 1 




e) Plot; gauge 
psi 



L 



f) Repeat ^ with 
_ tubing extended 
(ft) 8-s shown 





h 







i 



1 



2* Measure atmospheric pressure using hand pvimp. 

a) Determine bore & cross sectional area of pump cylinder. 

b) Push piston in as far as it will go and find wt.; 

i) V** req. to make piston move downward at constant 
speed with intake valve open. 

ii) V/ req. to make piston fall full length with intake 
valve sealed. 

c) Calculate atmospheric pressure (let F = V/ - W') 












Relate air 



;=r r-cr^ 

■ o 



volume and pressure using hand pump. 

a) Withdraw piston completely & add wt. w* until piston moves 
dov/nward at constant speed with exhaust valve open. 

b) Withdraw piston completely & seal exhaust valve with 
vreight w* in place. 

c) Record integral reading on yd. stick & gradually load 
piston in ’qual 0.5 lb. steps while recording compression 
in inches. 



.LoadlComp, In, psi abs.nsi I Comp. Air Plot;, 



"The book oJl Nature .is a firxe large fcapoet'cy rolled up which we 
ai-e not able to fiee all at once." Robert Boyle 



PROBLEM: To measure and calculate pressures and to check the relationship 

betv/eeji air pressure and volume. 



APPARATUS : 

Pressure gauge 
Plastic tubing 
Hand pump 

Iron stand euid clamps 
V^eights, stirrup, and stand 
Scale 
Barometer 



GATHERING TilE DATA: 



REFERENCES ; 

1. Gamow, Physics Fund, and Frontiers, 

pp’I 26-30 

2. Beiser, The Science of Physics , 

l^p'.' 150-52 

3 . Stollberg 8e Hill, Physics ,pp. 203-6 

4. Sears & Zemanslcy, University Physics , 

ppT~'2B3-5 

5* Halliday & Resniclc, Physics,pp. 364-67 



1, Check water pressure vs. head. 

a) Fill plastic tubing completely with water using sink faucet — 
avoid bubbles— “keep water in tubing by holding ‘both ends of tubing 
at same height fi'om floor. 

b) Fasten one end of tubing to pressure gauge. 

c) Mount pressure gauge at bottom of lab. table v;ith bolts. 

a) Gradually raise free end of tubing in 0,5’ steps, noting pressure 



Head h (ft.) 


Gauj?e Er e a sjti.r_e_Xp.sjU. 


0 




0.5 








XU 




e) Plot; gauge 
psl 



f) Repeat d with 

tubing extended 

lx (ft) shown 



- 

h 




2 , Measure atmospheric pressure vising hand pump. 



r 



SI 



I' 

Is 



“nj 



a) Determine bore & cross sectional area of pump cylinder. 

b) Push piston in as far as it will go and find wt.s 

i) V/’ req, to make piston move downv/ard at constant 
speed with intake valve open. 

ii) V/ req. to make piston fall full length with intake 
valve sealed. 

c) Calculate atmospheric pressure (let F = V/ - V/’) 

Relate air volume and pressure using hand pump. 

a) Withdraw piston completely & add v/t. w* until piston moves 
downward at constant speed with exhaust valve open. 

b) Withdraw piston completely & seal exhaust valve with 
weight w* in place, 

c) Record integral reading on yd. stick & gradually load 
piston in equal 0.5 Ibi steps while recording compression 
in inches. 



J 












r'! 



Load 


Comp, In. 


psi 


abs.psi 


Comp. Air Vol. 


,d) Plot; 




0.5 










V 













^ 


1 cu.in 





etc . 



abs.psi 



SUfWiTION; 



1* According to step i^l, what is the; 

a) relation betv/een water head and pressure? 

b) head required to produce 1 psi v/ith water? (use max. head data) 

2. Explain why pump piston does not fall down immediately in step #2 v/hen it 
is first loaded. 



V> 



3a Explain calculations for; a) pressure b) abs. pressure 
4, What is the relationship between absolute pressure and volume? 



c) compressed 
air volume 
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APPLIED PHYSICS .LABOEVrOEY 




**,«.all the pictures which science now draws of nature, and 
which alone seem capable of according with oboervational facts ire 
DiEitheraatical pictures." 



James j! oa.ns 



"The fate of every theory of the universe is decided by a numer~ 
ical test. Does the sum come out right? I am not sure that the 
mathematician understands this v/orld of ours better tbaxi the poet and 
mystic. Perhaps he is only- better at sums." 

Arthur Eddington 



PROBLEM ; To experimentally determine the relationship between air pressure 
' and volume. 



APPARATUS; 



. REFERENCES: 



Welch mei’cury columns: 
-air pump form 
-plunger form 
Hand pump and hose 
Table clamps 
Barometer 



1, Semat, Fundamentals of Physics, 

pp. -17^7 

2, Arons, Development of Concepts of 

Physics , pp. 717-9 

3* Beiser, The Science of Physics , 

pp. 150-52 



GATHERING THE DATA: 



1, a) Use hand pump to force mercury up the 

vented and sealed tubes until mercury is 
at top of vented tube, 

--use wire to remove air bubbles if necessary. 

b) Note mercury height in both tubes, subtract, 

' and record as mercury head in millimeters.* 

c) Associate mercury head with height of air 
column under pressure. 

d) Decrease height of mercury column in vented 
tube in successive 5cm. steps, repeating steps 
^ Sc c_, and recording data--care fully release 
air via valve to secure desired mercury height, 



iHl 

n 






vented 

overflow 

bottle 



ram of Hg 


Air Volo (in mm of ht.) 






1 




L - 





■^include atmos- 
pheric pressure 
in mm of Hg» 



sealed 
tube 



I 



^ to 
■J hand 



e) Plot graph: p* 

(in mm 
of Hg) 




pump 



V (in mm of air ht.) 



2 . 



ERIC 
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a) Open valve and turn plunger until mercury in both 
columns at bottom of meter stick. 

b) Close valve and turn plunger until mercury rises 5cm, 
in the vented column— check that valve does not leak. 

c) Note mercury height in both tubes, subtract, and 
record as mercury head in millimeters,* 

d) Associate mercury head with height of air column 
under pressure, 

e) Increase height' of mercury in vented tube in 

successive 5cm» steps, repeating stops c 8c d and 
i^ecordinp; data- . ^ ~ - 



.1 



'"I'he fate of every theory of the universe is decided by a numer- 
ical test. Does the sum come out right? I am not sui-e that the 
mathemtician understands this world of oux's better than the poet and 
mystic. Perhaps' he is only' better at sums." 

, Arthur Eddington 



PROBLEM: To experimentally determine the relationship between air pressure 

and Volume, 



APPARATUS ; 

Welch mercury columns: 
-air pump form 
-plunger form 
Hand pump and hose 
Table clamps 
Barometer 

GATHERING Tin3 DATA: 



■ REFERENCES ; 

1, Semat, Fundamentals of Physics, 

" pp. '176-7 

2, Arons, Development of Concepts of 

Physics , pp, 717“9 

3» Beiser, Th e Science of Physics , 

pp , 150-52 



a) Use hand pump to force mercury up the 
vented and sealed tubes until mercury is 
at top of vented tube. 

—use wire to remove air bubbles if necessary, 

b) Note mercury height in both tubes, subtract, 

' and record as mercury head in millimeters. * 

c) Associate mercury head v/ith height of air 
column under pressure, 

d) Decrease height of mercury column in vented 
tube in successive 5cm. steps, repeating steps 
b & c, and recording data--carefully release 
"air Via valve to secure desired mercury height. 




vented 

overflow 

bottle 



sealed 
tube 



mm of Hg 


Air Volo (in mm of ht«) 












1 



'“'include atmos- 
pheric pressure 
in mm of Hg» 



e) Plot graph: p* 

(in mm 
of Hg) 



- Ig- t . » * 






to 

:/ hand 
pump 



V (in mm of air ht.) 



2 . 



.1 



a) Open valve and turn plunger until mercury in both 
columns at bottom of meter stick, 

b) Close valve and turn plunger until mercury rises 5cm. 
in the vented column— check that valve does not leak. 

c) Note mercury height in both tubes, subtract, and 
record as mei’cury head in millimeters,* 

d) Associate mercury head with height of air column 
under pressure. 

e) Increase height of mercury in vented tube in 
successive 5cm» steps, repeating stops c & d and 
recording data. 

f) Plot graph P vs, V 



SUMMATOT: 

lo According to the graphs in steps and #2 above, v;hat is the relation 
botv/een air pressure and volume? 

2, Using the physical data, show mathematically that a simple relationship holds^ 

5 . Grai^h the data in a way which demonstrates the reMionship in a simpler 
fashion, 

4, Contrast the advantages and disadvantages of the two devices used to gather 
the data. 
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APPLIED PHYSICS LABORATOKY 




'•Fortunately, juet as diamonds are often found in tho most dis- 
a(j,i'eeable surroundings, so some of the brightest scientific ideas can 
be'found in the study of the motion of bombs and shells." 

Morris iO-ine 



ERIC 



PROBLEM: To experimentally examine projectile paths. 



APPARATUS ; 

Electromagnet 
Air Cannon 
Gunnery Range 
Control Board & Gauge 
White & carbon paper 
Nylon cannon balls 
Triple beam balance 

GATHERING THE DATA: 



Goggles 

Square 

Spring gun 

Protractor 

Target 

Meter tape 

Leads 



REFERENCES ; 

1. Rogers, Physics for the Inquiring 

Mind , “pp.' 4b~51 ' 

2. Halliday & Resnick, Physics , 

pp* "50-55 

5* Sears & Zemansby, University . 

Physics , pp7~T29-55 

4. White, M odern College Physic s, 

pp. 9^-99 



v;ear safety goggiesi 1 1 



1. Use spring gun to simultaneously release one ball dov^nward and another 
horizontally and note the order in which they hit the floor. 

2, a) Connect electric and pneumatic lines to the control board, "cannon", 



and target electromagnet. 

b) Mount target approx. 3 meters above the floor. 

c) ' Aim cannon at target. 

(use sighting tube held 
in groove with rubbv 
bands) j 



to 

control 
board 



A 



air 




U4I 



(spring 

contact switch) 

I — > to control board 

d) fire & observe— repeat to demonstrate consistency 

e) disconnect electromagnet wires 

V 



3. Determine muzzle velocity V 

a) set cannon for horizontal firing 
—use le\'el 

b) fire projectile & measure height 
h, range R, and air pressure P. 



•0-. 



•o. 



h 

I 









carbon-white 

paper 

dSn 



T 



R 



d) record data in table. 

e) calculate V: R = Vt 

h = gt^ 
2 



Test 


PClb/sq.in. ) 


R 


h 


^ 1 















R 



V = 



J 



2h 

g 



4. Calculate air pressure using data of step #3 

2as = v2 
F = ma 

F 



P = 



Ttd^/4 



mgR^ 
^ ~ hsitd^ 






SMssmisssw "T~ 



L \ Y\ \ V \ V \ v; \ ’ss' g 



k 













1 
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PKOBLEM: To experimentally examine pro;)ectile paths. 



AFPAMTUS ; 

Electromagnet 
Air Cannon 
Gunnery Range 
Control Board & Gauge 
White & carbon paper 
Nylon cannon balls 
Triple beam balance 

GATHERING THE DATA: 



Goggles 

Square 

Spring gun 

Protractor 

Target 

Meter tape 

Leads 



REFERENCES ; 

1. Rogers, Physics for the Inquiring 

Mi'nd t ppnB~5i~” 

2. Halliday Sc Resniclc, Physics , 

pp. "’50-55 

3» Sears & Zemanslcy, Univers ity , 

Physics , pprr"T29-55 

kt White, Modern College Physics , 

pp. 94-99 



VffiAR SAFETY GOGGIES 1 ! I 



1. Use spring gun to /simultaneously release one ball downward and another 
horizontally and note the order in which they hit the floor. 

2. a) Connect electric and pneumatic lines to the control board, "cannon”, 

and target electromagnet. 



b) Mount target approx. 5 meters above the floor. 

c) ' Aim cannon at target. 



(use sighting tube held 
in groove with rubb^ 
bands) 

air . 



to 

control 
• board 








N 



(spring 

contact switch) 
> to control board 



d) fire & observe— repeat to demonstrate consistency 

e) disconnect electromagnet wires 



5« Determine muzzle velocity V 

a) set cannon for horizontal firing 
—use level 

b) fire projectile & measure height 
h, range R, and air pressure P. 



V 

h 

1 












'o». 






R 



d) record data in table. 

e) calculate V; ; J = Vt 

h = gt2 



Test 


A * 

P(lb7aq . in. ) 


E 


h 


















carbon- white 
paper 

•r. 

■ 



R 



— ^ V s 






4* Calculate air pressure using data of step #5 



2as = 

F = ma 

F 



P = 



nd^/k 



P = 



mgR^ 

hsTtd^ 
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SHWaTIOIl ! 

1. Draw conclusion regarding horizontal and vertical motions based on 
observation of spring gun. 

2» Explain why the projectile aimed directly at the target held by electro- 
magnet hits the falling target despite variations in muzzle velocity. 

3. Explain the mathematics and physics of steps #3 and of GATHERING THE -DATA . 

Contrast measured and calculated pre5sures--explain discrepancies. 

5. Justify; "At ^5° angle of elevation, range is maxiiaum," 



O 
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"If this experiment were performed on the moon or Mars, with the 
ball rolling down the same incline over the same course, it would pro" 
duco the same curve, not 'just n similar curve'’ t.. if he (the exiperi- 
mentor), correctly diagnoses this interesting conclusion, he probably 
has that valuable talent Itnown as physical intuition." 

Richard M. Sutton 



PROBLEM; To experimentally examine the trajectory of a projectile. 



APPARATUS ; 

Launching pad Electromagnet 

Wired peg board Angle board 

V/hite lit carbon paper Meter stick 
1" dia. iron ball Square ■ 

Wood frame & clamps . Rubber bands 



REFERENCES ; 

1. Sutton, Am. Journal of Physics, 

ppTTo^^lS 

2. Holton, Found, of Modern Physical 

• Science, pp. 50-52 



GATHERING TILE DATA ; 

1* Set up apparatus. 

e) use tape to in- 
dicate original. & 
integral position 
on meter stick. 

d) clamp meter stick 

parallel to. ^5°. 

edge on angle 
board. 




b) Tape 8)^ x 13 white paper on front of 
angle board, — cover with carbon paper. 



c) place angle board against & J_ to launch- 
ing pad. 

f), position electromagnet at 
I top of launching pad with 
rubber bands. 

g) connect to pegboard switch 
and AC 

a) mount launching pad on wood 
frame — ■©* = 30** 

(but accurately measured) 

2. Place ball against magneu and release. 

3* Repeat step as the angle board is moved successively back and laterally 
av/ay from the launching pad in 5 cm. steps as measured along the meter stick. 
Note ; ANGLE BOARD MUST BE KEPT AGAINST METER STICK THROUGHOUT TEST'. 

4. Draw vertical and horizontal axes through origin (the first mark) on v/hifce 
paper. Projectile impacts on white papor plot its actual trajectory. 

SUMMTICH ; 

1. Justify the following equations (show all calculations); . . 

a) X = Vot cos 0 

b) y = Vgt sin 0 - gt^ 

2 

c) R =s 2 Vq 2 sin (j) cos 0 Hint; x = R y = 0 




g 



d) y = X (1 - 2 ^) tan 0 
'' R ' 



Hint ; eliminate "Vq & t 
from a, b, and c. 



2. If H is the highest point in the trajectory, justify; 

a) the 2H and 4ll values. 

b ) tan 0 = 4H 



6 

uc 



J.uabJ.e talent knov;;n as physical intuition." 

Kichard M. Sutton 



PROBLEM : To experimontaily examine the trajectory of a projectile. 



APPARATUS ; 

Launching pad Electromognet 

Wired peg board Angle board 

White 8c carbon paper Meter stick 

1” dia. iron ball Square ■ 

Wood frame & clamps Rubber bands 



REFERENCES { 

1. Sutton, Am. Joiuuial of Physi cs, 

ppT^Oj^j 

2 » Holton, Found, of Modern Physical 
■ Science, pp. 50-^2 



GATHERING THE DATA : 

1. Set up apparatus. 

e) use tape to in~ 
dicate original & 
integral position^, 
on meter stick. 

d) cl.'.\mp meter stick 

pai’allej. to 

edge on angle . 
board. 



b) Tape S}is x IJ white paper on front of 
angle board, — cover with carbon, paper. 



c) place angle boai'd against & _L to launch- 

ing pad. 

f), position eloctromagnet at 
[• j top of launching pad with 
rubber bands. 









5). connect to pegboetrd switch 
and AO 

|i.) mount launching pad on wood 
frame — •©■ = ^0*^ 

(but accurately measured) 

2. Place ball against magnet and release. 

Repeat step ?J=2 as the angle board is moved successively back and laterally 
avfay from the launching pad in 5 cm* steps as measured along the meter stickc 
Note ; ANGLE BOARD MUST BE KEPT AGAINST METER STICK THROUGHOUT TEST'. 

4. Draw vertical and horizontal axes through origin (the first mark) on v/hite 
paper. Projectile impacts on white ’p.aper plot its actual trajectory. 

SUMMATION ; . 

1» Justify the following equations (show all calculations); . . 

a) X = Vot cos (f) 

b) y 3 Vot sin 0 - gt^ 

2 

c) R = 2 Vq 2 Bin 0 cos 0 




Hint: x = R 



y = 0 



s 



d) y X fl - tan 0 
R ^ 



Hint : eliminate Vg & t 
from a, b, and c. 



2» If H is the highest point in the trajectory, justify: 

a) the 2H and 4 h values. 

b) tan 0 = 4H , • 

‘ . R 

3.. Explain, in detail, why the trajectory as. shown on paper i'epresents the 
projectile's actual trajectory. 

Test for "physical intuition," Diagnose the conclusion given in Prof, 
Sutton’s introductory observation. 

5* Using physical data, determine Vg as projectile leaves pad. 

6* Show that projecti3.e path is parabolic. 
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’•In order to reach the present frontier of knowledge, a sci- 
entist must travel a gi*ea4: distance and, if he is to push the 
frontier further back, ho must reach it at the height of his powers. 
To do this he must start his joui'ney early and direct his explora- 
tion along one line, but, he must also liiait his wanderings along 
the other alluring and tempting paths of learning. He has to make 
a personal sacrifice and purchase his scientific competence at the 
exhorbitant price of acquiescing in an all-encompassing intellectual 
innocence in fields outside his specialty *• 

George Barton 



ERIC 



PROBLEM; To experimentally relate water head, and velocity. 



APPARATUS ; 

Triple beam balance 
Water column & tubing 
1000 cc grad, cylinder 
Stop watch 

GATHERING THE DATA: 



Meter tape 
Catch pans 
1000c c beaker 



REFERENCES ; - • • 

1. White, Modern .College Physics., 

pp. 201-3 . 

2, Sears & Zeraanslty, University 

Physics, pp»~ yi3-^ " 



1, a) Adjust water input for overflow 
sufficient to maintain constant 
head v/ith an orifice open. 

b) Open toji orifice— recheck overflow 
and measure h, s, and d. 

(use center of stream to determine d) 

c) Repeat step b for the other 
orifices and record data in table: 




h 


6 


d 


V 



















rubber 

band 



u 



d) Calculate V: 



B - 

b - -g- 

d = Vt 



overflow to sink 



"fT 

h (water head) 




V = [IF 

J e 



catch pan 



2* a) Open top orifice and carefully determine water discharged in 60 seconds^ 
(collect water in lOOOcc beaker--determine volume Q via mass) 
b) Repeat step a for the other orifices and record data in table: 



D 



2mm 



60 sec 







V 



each orifice ,D = 2mm 
A = orifice area 



H-A 

\~T 



D 



e) Calculate v/ater velocity via discharge rate: 



Q = AV 



A . 



.i'JUL iU.'.. 

tion along oiio line* but, he must also limit his vjaixdei-'ings along 
the other alluring and tempting paths of learning. He has to mo.ke 
a pei'sonal sacrifice and purchase his scientific competence at the 
exhorbitant pri.ce of acquiescing in an all~encompassing intellectual 
innocence in fields outside his specialty " 

G eorge Sarton 

PROBLEM; I'o ej:pierimentally relate v/ater head and velocity. 



APPARATUS ; 

Triple beam balance 
Water column St tubing 
1000 cc grad, cylinder 
Stop watch 

GATHERING THE DATA; 



Meter tape 
Catch pans 
lOOOcc beaker 



REFERENCES ; 

1» White, Modern .0 olio ge Physics , 

pp. 201-35 

2* Sears & Zemanslqr,. University 
Physics, ppa'Tiy-^"" 



1. a) Adjust water input for overflow 
sufficient to maintain constant 
head v/ith an orifice open. 

b) Open top orifice — recheck overflow 
and measure h, s, and d. 

(use center of stream to determine d) 

c) Repeat step _b for the other 
orifices and Fe cord data in table; 



to ^ 
water 
supply 



overflow to sink 



h 


6 


d 


V 



















rubber 

band 



W 



d) Calculace V; a = 



gt2 



'IfT 

h (water head) 
—it 



s 



-> V = 



catch pan 



2 . 



a) Open top orifice and carefully determine water discharged in 60 seconds, 
(collect vmter in lOOOcc beaker--determine volume via mass) 

b) Repeat step a for the other orifices and record data in table; 



n 



2mm 



60 sec 



Q 



each orifice D = 2mm 
A = orifice area 



D 



c) Calculate v/ater velocity via discharge rate; 
Q = AV — V = 4- 



SUMI^TION ; 

1. Explain physics and mathematics of ^Id and #2c. 

2, Compare velocities determined in stops #1 and #2 of GATHERING THE DATA with 

•velocities determined by Torricelli's Theorem: 

V = j2gh 

Derive Torricelli's Theorem from Bernoulli's Equation. 

4, Assuming sharp edged orifice, use data of stop ^2 GATHERING THE DATA and 
Torricelli's Theorem to determine the actual "vena contracts" of the 
various openings. Compare with figure given by Hears and Zeraanel;y. 
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'•No fewer than 120 of the descendants of the mathematical 
Bernoullis have been traced genealogically,.., the majority achieved 
distinction— sometimes amounting to eminence--in law, scholax-ship, 
science, literature None were failures." 

E. T. Bell 

" 'The Bernoullis, * Galton says, 'were mostly quai'relsome and 
unamiable;' John was a prime example. He was violent, abusive, 
jealous, and when necessary, dishonest... His son Daniel, again a 
brilliant mathematician, had the temei'ity to win a French Academy 
of Science prize which hie father had sought. John gave him a 
special rev/ard by throwing him out of the house..." 

James R. Newman 



O 

ERIC 



PROBLEM ; To construct a manometer', to measure pressures in a ventux-i tube, 
' and to derive Bernoulli's equation. 



APPARATUS ; 

Wind generator 
Venturi tube 
Bent tubing 
Angle board 
Formica board 
1/10" graph paper 

GATHERING THE DATA; 



REFERENCES ; 

1, Beiser, The Science of Physics , 

pp. 156-'62 

2. MacLachlan, Matter 8t Energy , pp. 112-14 
3» Halliday & Resniclc, Physics , pp, 376-80 
4. Sears and Zemanslcy, University P hysics, 

pp,*~51l-r3 



gas 









it 



tS&l 






h" 

I 



1, Construct manometer and measure laboratory gas pressure in psi, 

a) partially fill tube with water. 

b) slip graph paper behind tube and adjust paper 
so that water levels in both ttibes line up 
with paper. 

c) connect gas to manometer 

d) measure h to nearest ,01" 

e) calculate pressure = (0.43 x h") psi 

IS 

2. Check venturi tube pressures for diffexfrnt wind generator settings. 

a) set up v;ind generator and venturi as shown. 

b) fill tubes approx, halfway with water. 

c) set wind geneivtor on speed setting and plug in. 

d) using graph paper on angle board, measure and record h. 

e) calculate venturi tube absolute pressures and record in table. 

f) repeat for wind generator speed settings #2, 3» 4, and 5. 



rnjq3*rinirra 

j n T: ,1 1 , . , 



wind 

generator 



formica 
board 
W c 




Speed setting’ 


h • 


psi 


1 ^ 


psa| 


h ; 


5Si 


h 


psi 


h 


psi 


f h 


psi 


h 


psi 


h 




■ _ vr/ ;• i 






1. 


1 










J 




1 








r-j 





m 



] 
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^ E . T» Bell 

" 'The Bornoullis,’ Galton says, 'were mostly quarrelsome and 
unamiablc;' Johxi was a prime example. He was violent » ' abusive, 
jealous, and wheia necessary, dishonest... Hia son Daniel, again, a 
bx'llliant mathematician, had the temerity to win a French Academy 
of Science pi'isie which his father had sought. John gave him a 
special I’evvard by throwing him out of the house..." 

James R. Newman 



PROBLEM; To construct a manometer, to measure pressures in a venturi tube, 
and to derive Bernoulli's equation. 



APPARATUS ; 

Wind generator 
Venturi tube 
Bent tubing 
Angle board 
Formica board 
1/10" graph paper 
» 

GATflERIWG THE DATA: 



REFERENCES ; 

1. Beiser, The Science of Physics , 

pp. 156-62 

2. MacLachlan, Matter 8t Energy , pp. 112-1^ 

3. Halliday & Reinick, Physics , pp. 576-80 
k» Sears and Zeraanslcy, University Physics , 

pp . 



1, Construct manometex' and measure laboratory gas pressure in psi. 



p: 



it:; 



ttrM 
lr“| . ; 

-hrM 



T 

h" 

Jl 



a) partially fill tube with water. 

b) slip graph paper behind tube and adjust paper 
so that water levels in both tubes line up 
with paper. 

c) connect gas to manometer 

d) measure h to nearest .01" 

e) calculate pressure = (0.^5 x: h") psi 

IS 



2, 



Check venturi tube pressures for different wind generator settings. 

a) set up vxind generator and venturi as shown* 

b) fill tubes ajjprox. halfway with water, 

c) set wind generator on speed setting #1 and plug in. 

d) using graph paper on angle board, measure and record h. 

e) calculate venturi tube absolute pressures and record in table. 




1. According to data, where is pressure greatest in a venturi tube? Least? 

2. How woxild manometers filled with mercury have affected results? Alcohol? 
5* Justify equation # lo . 

4. Derive Bernoulli's equation using the conservation of energy principle. 
Justify each step. 

According to Beiser; "Air is, of course, a compressible fluid and so does 
not fit our model exactly, but the behavior predicted by Bernoulli's 
equation is not a bad approximation for gases at moderate speeds." 

CalcuD.ate air speed at point of least px’essure for each speed setting. 
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"I would rather discover one law of nature than be Icing of the 
Persians," 



Democritus 



"Sic transit glorii'<.-~but not for the man who discovers a lav/ of 



nature. He has already begun to live forever." 



W, V, Houston 



PROBLEM ; To construct and calibrate a wind speed indicator, 
APPAi?A'.ruS; REFERENCES: 



Wind generator 
Universal manometer 
1/10" graph paper 
Nozzles 

Pitot tube and tubing 
Angle board and U tube 
Board, tubing, & clamps 



1, Halliday & Resnick, Physics , 

PP* 82 

2, Sears & Zemansky, University Physics , 

pp, plb-1? 

Bluh & Elder, Physics App, and 

Principle's" ^ pp. 1X5-15 
4. Beiser, The Science of Physics, 

p.- 154-"" 



GATHERING THE DATA; 



1. Set up wind generator, pitot tube, and U tube as shown. 



nozzle 

— 

pitot tube position- 









ed at center of 



opening 
I place i 

on #1 8e plug in. 
f) calculate v = 



d) place speed setting 



h 



g) repeat for speed, settings #2, 5, 4, a!nd 5* 

h) repeat for other nozzles. 



a) partially fill U tube v^ith 
water before connecting 
tubing. 

b) sli^) 1/10" graph paper 
behind U tube— line up hori- 
zontal lines parallel to 
water level. 

e) measure h to nearest ,01" 
where d* = density of water; g in ft/sec^ 

d = density of air; h converted to ft. . 



r#iid-:f 



Speed Setting 


Openings 


5 cm 


10cm 


18 cm I 




h' [v( ft/sec) 


h' 


v( ft/sec ) 


h' , 


vCfi/secJ— 


.hi- 


Y.(.ft/sec.)„ 


1 


IJ 















2» Measure air velocities again^ using universal manometer. 
Record data in table. 



3* Calibrate the constructed wind speed indicator to read ft/sec directly. 
(Use graph paper) 



Note; water rises 
l"/20" of 
tube length 




V (ft/sec 


^ L" = v2 X d 


' '2(l2)(20)gd» 


5 





55 




60 





4. Measure air speeds using calibrated wind speed indicator. . 
Record data in table. 



SUMMAmTHW. 



nature. He hac already begun to live forever. 



W. V. Houston 



PKOBLEM ; To construct and calibrate a wiiid speed indicator. 
APPARATUS: REFEKENCES: 



V/ind genex’ator 
Universal manometer 
1/10" graph paper 
Nozzles 

Pitot tube and tubing 
Angle board and U tube 
Board, tubing, & clamps 



GATHERING THE DATA; 



1. Halliday & He snick, Physics , 

” " ppV” ^C'0“8,2 

2. Sears & Zemansky, University Physics , 

pp. ;>16~17 

3. Bluh Sc Elder, Ph ysics App. and 

Principles , pp.' li;i>-15 
h, Beiser, The Science of Physics, 

p. 33^ 



1* Set up wind generator, pitot tube, and U tube as shov/n. 

V/fer-5cm nozzle partially fill U tube with 

water before connecting 

tubing. 

b) slif> 1/10" graph paper 
behind U tube— line up hori- 
zontal lines parallel to 
water level. 

e) measure h to nearest .01" 



"^c) pitot tube position- 
ed at center of 
opening. 

d) place speed setting 
on #1 & plug in. 




h 

-±_ 



. _ / 2 ghd* where d' = density of water; g in ft/sec^ 

; ca cu Q V ~j ”5~” ^ _ density of air; h coaxverted to ft,. 

g) repeat for speed settings #2, and 5* 

h) repeat for other nozzles. 



speed Setting 


Openings 


5cm 


10cm 1 


l8cm 


30cm 


h' [v(ft/sec) 


h' 


v( ft/sec ) 


h» 


v( ft/sec) 


h» 


v( ft/sec, )_ 


1 






1 




























2. Measure air velocities again^ using universal manometer. 

Record data. in table. 

3* Calibrate the constructed wind speed indicator to read ft/sec directly. 
(Use graph paper) 



Note; water rises 
l"/20" of 
tube length 







V (ft/sec 


^ L" = v 2 X d 

^ 2 (l 2 )( 20 )gd' 


5 






55 




60 





4, Measure air speeds using calibrated wind speed indicator. . 

Record data in table. 

SUMMATION : 

1. a) Which nozzle opening yields the greatest wind velocity? 

b) Is there a mathematical relation between nozzle opening and air speed? 

2. Which, manometer is moat sensitive?. 

Can its sensitivity be increased? Explain. 



3» Derive equation 






from Bernoulli's equation. 
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"Outside of engineering circles, torque is generally called 
•moment of force*, because ’moment' is a Latin word which means 
importance; and since the product Fr measures the importance of a 
force in producing rotation it is appropriately called moment of 
force. The word is used ... in the same sense in v;hich Shakespeare 
ejaploys it when ho speaks of . ’enterprises of pith and moment’." 

Henry Crew 



PROBLEM; To calibrate a torque wrench and to apply the double weight method. 



APPAMTUS ; 

Torque wrench & sockets 
Avoirdupois scale 
0-1 lb. wt. set 
Assorted weights & hooks 

GATHERING THE DATA: 



Level 

Clamps 

Torque tester 
Vise & bolt 



REFERENCES ; 

1. Lohrman & Swarts, Foundations 

of Physics , pp. 119-21 

2. Stollberg & Hill, Physics, 

• pp. 



1. Calibrate torque wrench. 

a) Measure distance from center of hole 
in. handle to center of square drive. 

— convert to ft,& record in table. 

b) Mount torque wrench in vise. 

—hold on square drive. 

—verify that line joining centers 

of hole and square drive is level. 

c) ; Insert bolt in hole in handle and adjust torque wrench gauge to read zero 

d) Hang weight hook on bolt as shown and load until torque wi'ench gauge 
registers a torque of 4 lb. ft. Record in table. 

e) Repeat d^ for successive 2 lb. ft. torque increments up to 40 lb. ft. 

f) Complete table; 




L Torque Meter 
(lb. ft.) 


Weight 

(lbs) 


Torque Arm 
(ft.) 


L' Torque 
(Ib.x ft- ) 


L - L‘ 
(IbcftO 


% error = L-L’ 

T • 

Xi 


4 












6 














^ 






*1 



2. Measure and calculate the torque for weights applied to hole A. 



A 

I"'- ■ 




. r 





. 1 , 




PI 


0 


0 


0 


o • 






B 


c 


D 


B ■ 





a) Without hook load, apply sufficient torque 
to bold angle aluminum level 8e set torque 
gauge for zero. 






clamped to 
lab table. 



§ 



b) Add 2 lb., including hook, to hole A and record torque gauge reading to 

keep angle aluminum level. ' 

c) Compare calculated torque & gauge reading. 

d) Repeat b 8e c for successive 1 lb. increments. 

DO HOT EXCEED 40 lb. ft. TORQUE ! » ! 



Torque 


Gauge 


Calculated 











p 



fox’ce. The woi’d is used ».. in the same sense in v/hich Shakespeare 
employs it when ho speaks of •* enterprises of pith and moment’.” 

j Henry Grey; 



PROBLEM: To calibrate a torque v/rench and to ax>x»ly tho double weight method. 



APPAMTUS t 

Torque wrench & sockets 
Avoirdupois scale 
0-1 lb. wt. set 
Assorted weights & hooks 

GATHERING THE DATA: 



Level 

Clamps 

Torque tester 
Vise 8c bolt 



REPERENC.es ; 

1. Lohrman 8e Swart s, Foundations 

* Physics , pp.il9~21 

2. Stollberg 8c Hill I%ys i c s , 

■ pp. '335^ 



1. Calibrate torque wrench. 

a) Measure distance from center of hole 
in handle to center of square drive. 

—convert to ft.& record in table. 

b) Mount torque wrench in vise. 

—hold on square drive. 

—verify that line joining centers 

of hole and square drive is level. 

c) : Insert bolt in hole in handle and adjust torque wrench gauge to read zero 

d) Hang weight hook on bolt as shown and load until torque wrench gauge 
registers a torque of k lb. ft. Record in table. 

e) Repeat d for successive 2 lb. ft. torque increments up to lb* ft. 

f) Complete table: 




L Torque Meter 
(lb. ft.) 


Weight 

(lbs) 


Torque Arm 
(ft.) 


L* Torque 
(Ib.x ft-) 


L - L' 

(Ibtft.) 


% error = L-L* 

XJ 


4 












... 6. 








„ — — 





^0 



2. Measure and calcula.te the torque for weights applied to hole A« 



/ 


L 






— — “ 


—1 


“ — " ^ 


Ip 




0 


0 


0 


0 


1 

( V-* 5 




J 


B 


c 


D 


e 





a) Without hook load, apply sufficient torque 
to hold angle aluminum level 8e set torque 
gauge for zero. 



clamped to 
lab table. 



keep angle aluminum level. 

c) Compare calculated torque & gauge reading. 

d) Repeat ^ & c_ for successive 1 lb. increments. 

DO HOT EXCEED hO lb. f t. TORqUES ! i 

5 • ^'Repeat for holes B, C, D, and E. [<- ->i 



Torque 


Gauge 


Calculated 







t<- — L 2 “H 



V'x “■ ywi V'2 



/ \ 

/ s 
/ ' 

./n\ 

Wx 



A — 
i \ 

/ \ 



lLLi 



k. Measure weight on simple balance \ 

8e then apply double weight method: \ 

/ml 

. Wi 

SUMMATION ; 

l. How does torque vary with weight (force)? With arm length? 

2* Why must angle aluminum be level when making gauge readings in of 

• -gathering the data ? 

3# Derive equation: V/2 

4* What error is eliminated by double weighing? 
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AVIATION HIGH SCHOOL 



kk 



APPLIED PHrSICS LABOMTOKY 



’’The magiaitudes whether commensurablo or incommensurable 
balance at distJinces reciprocally proportional to the magnitudes." 

Archimedes 

P ROBLEM. ; To apply mbments in locating the center of gravity of an aii'plane 
under varied loading distributions. 



APPARATUS ; 

35 dietetic scales Airplane 

Bloclcs & rollers Cord 

Iron stand & arm Plumb bob 

2 meter sticlcs Level 

Gm "wt" set 

GATHERING THE DATA: 



REFERENCES ; 

1. Lehrman & Swartz', Found, of Ph ysics , 

pp . 12T^ 

2, Stollberg & Hill, Physics, 

pp/ "164-7 



1. a) Set up apparatus as shown: 

b) Place 100 gm "wt" at 50cm mark and 
calculate the moments about the 
fulcrum F. Identify the clockwise 

8e counter cloclcwise moments about F. 

c) Considering clockwise moments negative 
& counter clockwise moments positive, 
what is the sum of the moments? 

d) ' What is the magnitude & direction of 
the force exerted by the fulcrum? 

(does it have a moment about F?) 



(to be kept level especially 
when scale readings are 

->)5 U- made) ^ 

'em ^ (50cm mark) 

( 






TTF' 



(set scale for zero with- 
out weight in place and 
then can ignore weight of 
meter stick) 

2. Repeat step for 200gm, 500gra, and then lOOOgm at the 50cm mark. 

What is the relation between; 

. a) the scale reading and the load in each case? 

b) the moments? 

c) the distances to the fulcrum? 

5, Place 450g*m at the meter sticks 65cm mark. 

What is the relation of the; 

a) scale reading to the load? 

b) distances to the fulcrum? • • , 

c) clockwise and counter clockwise moments about F? 

4. Simultaneously place 300gm at 65cm mark and 150gm at the 55cm mark. 

Calculate the sum of the moments. 

5. Repeat step #4 for: 

а) 450gm at the 55cm mark and 300gm.at the 55cm mark. 

б) 90gm at the 25cm mark, 200gm at the 50cm mark, and 270gm at the 75cm 

6. Mount airplane on 5 dietetic mark, 

scales— use blocks to level- 

support at jack pads. 

a) Determine airplane weight. 

b) From where & in what direc- 
tion can this force be .con- 
sidered to act? 

c) Using airplane nose as 
datum (ref. .for moment 
distances) & using moment 
principles, find the loca- 
tion of the airplane's 



( tare ) 






jzti. 



airplane 
supported by 



7 ^ 






PKOBLIilM: To apply moments in locating the center of gravity of an aii'’plane 

under varied loading distributions. 



APPARATUS : 

dietotic scales 
Bloclts & rollers 
Iron stand & arm 
2 meter sticlcs 
Gm "wt" set 

GATHERING THE DATA: 



Airplane 

Cord 

Plumb bob 
Level 



REFERENCES t 

1. Lehrman & Swartz j Pound, of Physios, 

pp. 

2. Stollberg & Hill, Physics, 



1. a) Set up apparatus as shown: 

b) Place 100 gm "wf* at 50cm mark and 



(to b 
when 



calculate 


the moments about 


the 


->|5 


fulcrum F. 


Identify the clockwise 


’cin 

1 


& counter 


cloclcwise moments 


about F. 





e kept level especially 
scale readings are 
being made) ^ 

(50cm mark) 



5 

’em’ 




(set scale for zero with- 
out weight in place and 
then can ignore weight of 
meter stick) 
at the 50cm mark. 



O 
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Vfr 

're " I III! 

& counter clockwise moments positive, 
what is the sum of the moments? 
d)‘ What is the magnitude 8e direction of 
the force exerted by the fulcrum? 

(does it have a moment about F?) 

2* Repeat step #1 for 200gm, 500gm, and then lOOOgm 
What is the relation between; 

. a) the scale reading and the load in each case? 

b) the moments? 

c) the distances to the fulcrum? 

3. Place 450gm at the meter sticks 65cm mark. 

What is the relation of the; 

a) scale reading to the load? 

b) distances to the fulcrum? 

c) clockwise and counter clockwi.se moments about F? 

k, Simultdneously place 300gm at 65cm mark and 150gm at the 35cm mark. 

Calculate the sum of the moments. 

5* Repeat step for: 

a) A-50gm at the 55cm mark and 300gm .at t'he 35cm mark. 

b) 90gm at the 25cm mark, 200gm at the 50cm mark, and 276gm at the 75c:m 

6# Mount airplane- on 3 dietetic mark, 

scales— use blocks to level- 
support at jack pads. 

a) Determine airplane weight. 

b) From where & in what direc- 
tion can this force be con- 
sidered to act? 

c) Using airplane nose as 
datum (ref. .for moment 
distances) & using moment 
principles, find the loca- 
tion of the airplane's 
center of gravity v/ith 
respect to its nose. 

7. Repeat step. #6 after adding 200gm load 15 cm aft of wings leading edge. 
(Include 200gm load as part of new weight of airplane) 

_ .9 . 

o. Repeat step after adding 500gra load 20cra aft of wing's leading edge. 
SUMMATION ; 

l. Why can weight of meter stick be ignored in step /A? 

2. Has experimental data verified Archimedes' observation? 

3. What happens to an airplane's center of gravity as passengers walk about and 

as fuel is consumed? 

4. Vifhat is the* sum of the moments when a body is in equilibrium? 





airplane 
supported by 
scales under jac 




pads 



134 












.Statioii 



135 



o 

ERIC 




AVIATION HIGH SCHOOL- 



Hx P « //; 

h3 



To Mm 



APPLIED PHYSICS LAH01?AT0BY 




•'...in previous generations the distinction between pure and 



applied science was less pronounced than it is today. The three 

greatest pure mathematicians — Archimedes, Newt'on, and Gauss~~vvere 

also gi'cat applied mathematicians; to these one can add the three 

greatest pure mathematicians oi the 20th centui'y — Poincare, 

Hilbert, and von Neumann — each of whom was also a gree.t applied 

mathematician.'' . 

Alvin Vi/einoei-g 



PROBLEM ; To locate centers of gravity and to contrast the mathematical 
and the physical methods of locating centers of gravity^ 



APPARATUS ; 



REFERENCES ; 



Triple Beam Balance 
Iron stand & arm 
Plumb bob & cord 
Cardboard figures 
Masonite ajigle 
White paper 



Meter stick 

Punch 

Tape 

Pin 

C clamp 



1. 'White, Modern College Physics , 

■ " ; ^ pp7~H^^o2 

2,. Sears & Zi^raanslcy, University 
Physics, pp. 5^"-7 ’ 



GATHERING THE DATA: 



3. Halliday & Re snick, Physic s, 

pp,'~265“B 

4. Gale, Am. Journal of Physics, Vol. 22 

P.“TT4 



1* a) Trace cardboard figures using metal masters. 
• b) Cut figures using paper cutter. 

c) Punch small holes in corners of figures. 



2. a) Clamp masonite angle to lab table. 

b) Tape white paper to masonite. 

c) Use plumb line to get vertical line on paper 
through pin (will serve as plumb line for 
subsequent tests) 






3» Locate centers of gravity on figures A^ 



pin 






and A 



2* 







A\ 


(0 * \ 

\ : \ 






\ i 




a 




c I 



a) Mount figure on pin and rock back 
and forth. 

b) When motion ceases, draw line from 
pin to plumb line as shown. 

(repeat several times to assure 
consistent results) 

c) Repeat steps a 8c b using other holes. 

d) Intersection indicates center of gravity, 

e) Mount figure on pin at center of gravity to check balance. 

4« Locate center of gravity of figure. 3 and then; 

a) Arbitrarily cut B into two parts, locating the center of gravity of each 
part. 

b) Piece parts together to make original form and join the new centers of 
gravity together, V/hat is the relation of this line to the center of 
gravity of the entire figure B? 

c) Determine the mass of each part and calculate the moments of each of 
the parts about the center of gravity of figure B. 

d) How do the masses, moments, and moment arms compare? 



5. Locate centers of gravity of triangles and C^. According to experimental 

results, v/hat geometric lines are required? ■ 

6. Using step fpy data, locate the centers of gravity of D^ & D^ geometrically, 

7. Geometrically locate the center of gravity of quadrilateral E. 

a) divide int^ 2 triangles, locate t he . c_eLJifL-aaiih— 



o 

ERIC 



gr 0 a ueat pure ma thcniaticians oJ.‘ tiic tiOLh ciinlui\y -*~P o i n c a r e , 

Hilbert, and von Ne\imann-~eaGh of whom was also a great applied 

mathematician." , 

Alvin Vifeinberg 

PROBLEM ; To locate centers of gravity and to contrast the mathematical 
and the physical methods of locating centers of gravity. 



/ I 



APPARATUS ; 

Triple Beam Balance 
Iron stand & arm 
Plumb bob & cord 
Cardboard figures 
Masonite angle 
White paper 

GATHERING TIffi DATA; 



Motor stick 

Punch 

Tape 

Pin 

C clamp 



REFERENCES ; 

1 . ’ Vi/hite , Modern College Ph y sics , 

pp.” 12^-32 

2. Sears & Z^manslcy, University 

Physics , pp. 5^"? 

3. Halliday & Re snick, Physic s, 

4. Gale, Am. Journal of Physics, Vol. 22 

p.-~Zf7^? 



F= 



pm 










A\ 


(0 ’ ‘ \ 

\ 






a 




c I 



e 1 = 



1. a) Trace cardboard figures using metal masters. 

b) Cut figures using paper cutter. 

c) Punch small holes in corners of figures. 

2. a) Clamp masonite angle to lab table. 

b) Tape white paper to masonite. 

c) Use plumb line to get vertical line on paper 
through pin (v;ill serve as plumb line for 
subsequent tests) 

3. Locate centers of gravity on figures 
and A^. 

a) Mount figure on pin and rock back 
and forth. 

b) When motion ceases, draw line from 
pin to plumb line as shown. 

(repeat several times to assure 
consistent results) 

c) Repeat steps a & b using other holes. 

d) Intersection indicates center of gravity. 

e) Mount figure on pin at center of gravity to check balance. 

4. Locate center of gravity of figure. B and then; 

a) Arbitrarily cut B into two parts,' locating the center of gravity of each 
part. 

b) Piece parts together to make original form and join the new centers of 
gravity together. What is the relation of this line to the center of 
gravity of the entire figure B? 

c) Determine the mass of each part and calculate the moments of each of 
the parts about the center of gravity of figure B. 

d) How do the masses, moments, and moment arms compare? 

5. Locate centers of gravity of triangles and G^. According to experimental 
results, v/hat geometric lines are required? 

6. Using step #5 data, locate the centers of gravity of D-j^ & D^ geometrically. 

7. Geometrically locate the center of gravity of quadrilateral E. 

a) divide into 2 triangles, locate the eg of each '& join. 

. b) divide into 2 other triangles, repeat a and intersection of these lines 
is the center of gravity of the quadrilateral. 

8. Cut figure E into 2 triangles & check their masses & their moments about the 
center of gravity of figure E. 

SUMMiVTION ; 

1. Discuss adv. & disadv. of the physical & mathematical approaches to eg. 

2, Where are the cg's of the objects considered actually located? 

. 3. '*If a triangle is divided into 2 parts by a line drawn through the vertex & 
the eg, the 2 triangles so formed have equal areas & the line connecting 
their centroids is pai'allel to the side opposite (the vertex) & is one third 
the length of that side." Demonsti'ate . Test. 
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mL-1 
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AP]>LIED PHYSICS LABOR/Vi'ONY 



T.cew 




’’The earliest balances known are probably those pictured in 
Egyptian sculptures, which present the dead man in the presence of 
the- great god Osiris, watching his soul on one pan of the balance 
being weighed against right and truth in the other pan. The jar on 
the left pan symbolizes the man's mind and heart; the feather on 
the right stands for truth and justice.” 



Henry Crew 



PROBLEM: 



To measure weights with an analytic balance using the method of 
vibrations and’ balance sensitivity. To consider buoyancy in 
v;ater and in air. 



APPARATUS; 



REFERENCES; 



Analytic balance 
Standard mass set 
Triple beam ba3.ance 
250gm spring balance 
250ml grad, cylindei' 
Weights A and B 



1. Engelder, Elementary Quantitative 

Analysis' / ' pp.' 21-2 b ' 

2. Sears & Zemanslty,. University Physics, 

ppr~2B7^’ 

3. Halliday 8-. Resnick, Physics ,pp. 362-4 

4. Gamow, Physics Found, and Frontiers , 

pp. 20-21 



GATHERING THE DATA: 



1. Read analytic balance instructions. DO NOT OPEN WINDOW! 



2. Adjust analytic balance's base screws until spirit level indicates level. 



3. Determine analytic balance's zero point by method of vibrations. 

Note ; zero point is the point where the pointer would come to rest and 



usually is not exactly in the middle of the scale. 

a) Release pan and beam arrestments and take 5 successive readings, three 

at the extreme left #]., and two on extreme right 

—estimate readings to 0.1 of a”"division. 

—if vibrations too vigorous (or weak) raise beam. & release again. 

#1 + #3 + #2 + j^4 

+ — 

b) Zero point = — ^ 5 - — — ~ 



c) Repeat ^ and to check consistency. Raise beam v/hen finished. 

4-. Check weight of object. A. ... 

ALWAYS RAISE BEAM BEFORE OPENING WINDOW OR CHANGING WEIGHTS' 

a) Approximate weight of object A on triple beam balance. 

b) Place wt* A on left pan— always use tweezers to handle wts. 

c) Place approx, balance wt. as determined by step 4a in right pan. 

d) Close windov/, lower beam— observe pointer movement and judge if weight 
should be added to or taken away from the right pan. 

e) When balance wt. correctly selected to bring pointer readings within' 
range of scale, determine pt. of rest as in step #3a; 

#1 + m + 45 w 



Point of Rest = 



f) If Zero Point ^ Point of Rest , det. Sensitivity of Balance 

(the deflection produced by Img 
in pan— use rider and moments) 

V/t. of A = Balance wt. + W' where W’ = Zero PI;. + Pt. of Rest 



Sensitivity 



5. Check v/eight of team signatures (use 3^5 card). 



1 






pan symbolizes the niau'e mind and heart; the leather on 
the right stands for truth and justice.'* Henry Crew 



ERIC 



P ROBLEM ; I'o measure weights v/ith an analytic balance using the method of 
vibrations and' balance sensjltivity. To consider buoyancy in 
water and in air. 



APPARATUS ; 

Analytic balance 
Standard mass set 
Triple beam balance 
250 gm spring balance 
250 ml' grad. cy3,indei* 
Wea.ghts A and B 



GATHERING THE DATA; 



REFERENCES ; 

1. Engelder, Elementary Quantitative 

Anaiys'isV " ' ppl" 2l~^'S 

2. Sears 8e Zemanslcy, University Physics , 

""pp‘. 2t>7-9 

3 . Halliday 8s Re snick, Physics ,pp. 362-^ 

4. Gamow, Physics Found, and Frontiers, 

pp. 20-21 



1. Read analytic balance instructions. DO NOT OPEN WINDOW! 



2. AdjUvSt analytic balance's base screws until spirit level indicates level. 

3. Determine analytic balance's zero point by method of vibrations. 

Note ; zero point is the point where the pointer would come to rest and 
usually is not exactly in the middle of the' scale. 

a) Release pan. and beam arrestments and take 5 successive readings, three 

at the extreme left Sc ?^|5 and two on extreme right #2 8e #4. 

—estimate readings to 0.1 of a division. ~ 

—if vibrations too vigorous (or v;eak) raise beam 8c release again. 

#1 + #3 + i^2 + i^f4 

b) Zero point = -g— — ; — 

c) Repeat a and I'o check consistency. Raise beam \7hen finished. 

4. Check weight of object A. 

ALWAY S RAISE BEAM BEFORE OPENING WINDOW OR CHANGING WSIGESSI 

a) Approximate weight of object A on triple beam balance. 

b) place wt» A on left pan — always use tweezers to handle wts. 

c) Place approx, balance wt. as determined by step ^ in right pan. 

d) Close v/indow, lower beam— observe pointer movement and judge if weight 
should be added to or taken away from the right pan. 

e) When balance wt. correctly selected to bring pointer readings within 
range of scale, determine pt. of rest as in step /^J3a; 

#1 + #3 + #5 



Point of Rest = 



f) If Zero Point ^ Point of Rest , det. Sensitivity of Balance 

(the deflection produced by Img 
in pan — use rider and moments) 

V/t. of A = Balance wt. + W' where W’ = Zero Pt. + Pt. of Rest 



Sensitivity 



5 . Check weight of team signatures (use 3x5 card). 

6. a) Check weight of object B in air. 

b) Check weight of object B submerged in water. 



I 



1 



SUMMATION ; 

1. Why is v/eight of object in water less than that in air? 

Hov/ much less? 

2. Is the weight of an object in a vacuum less than or more than that in air? 

(see attached card for complete discussion) 
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APPLIED PHYSICS LABOPA'l'OPY 




"Boyle and Hooke lamented that of all natural phenomena 
gi'avitation is the leaet explainable... Newton himself frequently 
acltnowledged that he did not know the. cause o'f gravitation... 

In the general scholium to his great work ( Prin cipia Mat l:\ematica ) 
he plainly states: 'Hitherto I hcU'e not been abTe to discover the 

cause... of gravity from phenomena, and I fi'ame no hypothesis. . .the 
cause of gravity is what I do not pretend to luiow. . . ’ ". 

J . A . We is he ip3. , 0. P. 



PROBLEM ; To experimentally examine velocity ,• energy , momentum, and impulse 
factors in "pile driving." 



APPARATUS: 



REFERENCES ; 



3" & 4" micrometers 
1 8c 2 meter tubes 
Electromagnet & arm 
Pulley assembly 
Peg board & leads 
Triple beam balance 
Wooden bloclcs 



Hammers • 

Cord 

Screw driver 
Level 

Nails (2"x #12) 
2 C clamps 
Block holder 



White, Modern College physics , 

pp, B 

I)P» 46-7 



GATHERING THE DATA; 



1. Set up "pile driver" as shown. 

a) adjust guide tube so that distance 
from bottom .of hammer to top of 
nail is 1 meter = a 

b) insert nail 1/4" into v/ood block 
(in pre-drilled hole) 

c) with switch on, hammer held at top 
of guide tube 

d) measure distance 1 using micrometer 



(dowel keeps 
cord from . 

slipping out) ^ ^ - 

'to peg board) ^ ^ 



-o 
— m 



0 



(hammer A)"''^[] 



2« Release hammer A by turning switch off. 
—measure 1 & determine Ad, the depth 
which the nail has been driyeu into the 
wood. 



( plumb 
with 
level) 



3. Repeat step #2 for every 4 blows and 
record data in table; 



(center 

above 

nail) 



□ 






(allow space 
for micro- 
meter 

measurement) 



cj 



(clamp tq ^ — ^ 
table ) "* 7 















"0^ 



T 

1 

jk_ 



m 

Hammer 

mass 

(kg) 


s 

Free fall 
distance 

(meters) 


Blows 


Ad 

Change 
in nail 
depth 

(meters) 


Use average of 4 blows to calculate these 


A P 

Change 
in hammer 
momentum 
in strik- 
ing nail 


— J 

a 

Hammer 
deceleration 
in striking 
na-il 


! 

t 

Time for 
haimner 
and nail 
to come to 
rest 


f 

Impact 

force 

during 

collision 

(nt) 






, 



































.. .. ... 



I 4., Repeat steps #1, 2, and 3 for the other hammer. 
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cause... of givavity from phenomena, and I fi-ame no hypokhocis. . . tho 
cause of gravity is v/hat 1 do not pi'etend to know...’ 

J. A. Weisheipl, O.P. 

PROBLEM ; To experimentally examine velocity, energy, momentum, and impulse 
factors in "pile driving." 



APPARATUS ; 

3" & micrometers 
1 & 2 meter tubes 
Electromagnet & arm 
Pulley assembly 
Peg board & leads 
Triple beam balance 
Wooden bloclos 

GATHERING TIfE DATA; 



REFERENCES ; 



Hammers ■ 

Cord 

Screw driver 
Level 

Nails (2"x #12) 
2 C clamps 
Block holder 



1 . 



White, Modern College Physic s, 

pp ■' •zh-’-li ' 

pp. kS-7 



1. Set up "pile driver',', as shown. 

a) adjust guide tube so that distance 
from bottom of hammer to top of 
nail is 1 meter = 8 

b) insert nail 1/4" into wood block 
(in pre-drilled hole) 

c) with switch on, hammer held at top 
of guide tube 

d) measure distance 1 using micrometer 

2. Release haimner A by turning switch off, 
—•measure 1 & determine a d, the depth 

which the nail has been driven into the 
wood. 

3. Repeat step #2 for every 4 blows and 
record data in table; 



(dowel keeps 
cord from , /C? 

slipping out)-^ 

(to peg board) 



1"^ 

-ul 









(hammer A)"^ 



0- 






( plumb 
with 
level) 

(center 
above 
nail ) 

Jl. 

(allow space 
for micro- | 
meter } 

measurement) 
(clamp tg x^ 
table )"'''L 



Cj 



~r 



' 1 













T 

1 

jL. 



I 



m 

Hammer 

mass 

(kg) 


s 

Freefall 

distance 

(meters) 


Blows 


Ad 

Change 
in nail 
depth 

(meters) 


Use average of 4 blows to calculate these 


A P 

Change 
in hammer 
momentum 
in strik- 
ing nail 


a 

Hammer 

deceleration 
in striking 
nail 


t . 
Time for 
hammer 
and nail 
to come to 
rest 


f 

Impact 

force 

during 

collision 

(nt) 






• 













1 






4,. Repeat steps #1, 2, and 3 for the other hammer. 

5* Repeat steps #1, 2, 3» and 4 for 2 meter drop. 

SUMi-lATION ; 

1. How does average depth which nail is driven vary v/ith hammer mass? 

2. How does average depth which nail is driven vary v/ith hammer fall s? 

3. Calculate the hammer's potential energy for each test. 

4. Calculate the average work done by each hammer blow, 

5. Determine the efficiency of the "pile" driver. 

Detail difficulties. 
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API- LIED PIL^SIC: 



labop.at(p:?y 




"An enginee.r is a man who knows a great deal about £\ very little, 



and who goes along taowing moi'e and moi-e 
Xjractically everything about nothing. A 
is a man who ]aiov/s a very little about a 
less and less abou'.. more, until he knows 
everything. " 



about less until he ]cnows 
salesman, on the other liand , 
great deal, and keeps laiowing 
praotically nothing about 

Union Oil Bulletin 



PROBLEM ; To experimentally determine the factors in spring vibration, to 
develop an appropx'iate equation for spring vibration, and to 
measui'e mass. 



APPARATUS : . 

Stop watch Springs 

2 iron bases 1 C clamp 

2 extension clamps Masses X,T,Z 

Meter stick 

Rod and holder 

Hooked "v/ts" 10-500gra 

Slotted "v/ts" l0-500gm 



REFERENCES ; 

1. ’Vi/hite, Modern College Phy sics, 

^ ^ ; p.’ 1?5 

2. Dull, Modern Physics , pp. 179~80 
3» Stollberg, Physics Fund. 

pp.’ 237-8 

4. Arons, Development of Concepts of 
Physics, pp. l6^?^^-7 



GATHERING THE DATA ; 

1. a) Mount spring A for test. 

b) Displace “weight" s = 3cm 
and release. 

c) Time 50 complete cycles 
and I'ecord data in table. 

d) Repeat for 6- cm and 9 cm. 

2. Repeat step #1 for spring: 

a) B with 100 gia load 

b) C with 20 gm load 

I 




displaced 
3 position 



(Spring A) 



Load 


S 


t (50 ) 


T(period) 


1000 ,g 


3 cm 






1000 g 


6 .cm 






1000 g 


9 cm 







(Spring B) 



Load 


S 


t (50 ) 


T (period) 






^ 




1^ g 


9 cm 


J 



3* a) Remount spring A. 

b) Apply 100 gm load — displace and 
time 50 complete cycles, 

c) Repeat for 400, 900, and 1600 gm loads, 
-.-enter results in table: 

d) Plot graphs:' 

.-2 



Mass 


t (50 ) It (period) 


2^ 

T 


lOOgm 


-1 - - j 





T 




m 



m 



SUMMATION ; 

1. According to experimental data: 

a) . What effect does initial displacement have on spring period? 

b) What is the, relation between T^ and m? 

2. Consider object I’otating at constant speed. 



period T 

V i 



by centripetal acceleration; 




evei'ytiiing. '• 






Union Oil Bullotin 



PROBLEM ; To expsrinientally determine the factors in spring vibration, to 
” develop an' appro^jx^iate equation for spring vibx'ation, and to m 
measui'e mass. 



APPARATUS ; 

Stop watch Spri.'.ps 

2 iron bases 1 C clamp 

2 extensioii' clamps Masses X,Y,Z 

Meter stick 

Rod and holder 

Hooked "v/ts" 10-500gm 

Slotted "v/ts" 10-500gm 



REFEI^ENGES ; 

White, Modei'n College Physics, 

• ^ : • pTr^T 

2. Dull, Modern Physics , pp. 179~80 
5. Stollberg, Physics Fund. 

* pF** 237-8 

4. Arons, Development of Concepts of 

PhysicF p'pi C.'6’4“7 



GATHSRIHG THE DATA ; 

1. a) Mount spring A for test. 

b) Displace "weight" s = Jem 
and release. 

c) Time JO comi^lete cycles 
and recoi'd data in table-. 

d) Repeat for 6 cm and 9 cm. 

2. Repeat step ifl for spring: 

a) B with '100 {pm load 

b) C with 20 gm load 



ft 



1= F 

[f— I 



(Spring A) 



rest s 
position 



1000 Li3 
gm 

displaced 
3 position 



Load 


s 


t (JO ) 


T(period) 


1000 


3 cm 






1000 g 


6 -cm 




• 


1000 g 


9 om 







(Spring B) 



Load 


s 


t (JO 


) 


T (period) 






^ 




1^ g 




9 cm 


^ „ j 



J. a) Remoi;nt spring A. 

b) Apply 100 gm load — displace and 
time JO comt>lete cycles. 

c) Repeat for 400, 900, and 1600 gm loads, 
--enter results in table; 

d) Plot graphs;' 

T 



Mass 


t (JO ) 


T (period) 


~2~ 

T^ 


lOOgm 





















1600 gm 



m 



m 



SUI-a^lATION t 

1. According to experimental data; 

a) .V/hat effect does initial displacement have on spring period? 

b) What is the relation between T^ and ra? 



2. ConsideT' object rotating at constant speed 
period T . 




by centripetal acceleration; 
2 

V V T . • 



6- = -.s 

n R 



R 



a = a 'sin 0 = a -^ = 
n n R 



T^ 

I 2 

y 



T 



2 



thus T = 2n 



y 



SHM 



projected motion SHM 
since a *< y 



but for spring; F = ky 

^ J fTy = 



which — > T < m with constant of proportionality; 

2 

Compare with ex 3 )eriraental results. 
j 5» Using si^rings^ show how masses X,Y,& Z can be measured in outer space. 
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APPLIED PHKICS LABORaTORY 



"An earth satellite can transmit more positional informatioix 
in one day than all the data Tycho Brahe collected about the planets 
in_.inany years." 



Albert V. Baez 



PROBLEM: To graphically derive the inverse square law of gravitation for a 

satellite pursuing an elliptical orbit, and obeying Nev/ton's 
2nd Law and Kepler's 2nd Law. 



APPAl^TUS; 



REFERENCES : 



Drawing bosird 
Black thread 
1/16" pellets 
Special pen 



Mirror 
Cord & pins 
White paper 
Scissor bars 



1. Baez, Am. Journal of Physics , 

pp. 25^-9 

2. Feynman, Lectur e s on Physics , 

"" pp. 7-1 to 7-5 



GATHERING THE DATA: 



1. Using cord and ball point pen draw large ellipse. 

a) tape paper to board. 

b) fasten 56" of cord length between foci and 
test to see that length selected wi ll make 
50" X 56" ellipse. 

c) draw ellipse. 



2. Locate points A, B, and C using 
notched aruler. 





Draw tangent to ellipse at point A as follows; 

'(d) 






c) adjust mirror 

against pin until the 
image of F^A appears 

to make a straight line 




a) place pin at point A. 

b) pull string tautly over 
points F^, A, and F^* 



extension of F^A. 



d) draw tangent line along mirrors 
edge. 

e) repeat for points B and C. 



4. a) Select point C’ (for convenience approx. 5/^" away from C) to which 

satellite moves from C in arbitrary time t. (Assume motion clockv/ise) 
b) Draw line from F, through C’ to tangent. 

:(‘^t) 




(vector C"C directed tov/ard focus F, ) 

C"C* = 1 ^t (C'C is the' distance' satellite 
? must fall toward focus— center 




c) Adjust metal bars from 



F^ to C & to O' and 



of earth— in time t in order 
to stay in elliptic orbit) 



fill area enclosed by bars and CC portion of ellipse with 
1/16" pellets— tilt board facilitating manipulation of 
pellets). ^ 



I 



5. Using Kepler's 2nd Law: 

a) Determine corresponding points B* & B" for B by placing one metal bar 
along F^B and the other such that the area enclosed by the two bars 

and the BB’ portion of the ellipse accurately accommodates the same 



number of pellets used^in step 



i I 



p 



I , 
i: 



i o 

[ERIC 



PROBIiKM ; To graphically derive the invorso square lav/ of gravitation for a 
satellite pursuing an elliptical orbit, and obeying i^lewton's 
2nd Law and Kepler's 2nd Law. 



APPAl^TUS ; 

Drawing board 
black thread 
1/16" pe3.1ets 
Special pen 



Mirror 
Cord 8c pins 
White paper 
Scissor bars 



REFERENCES ; 

1* iSaea, Am. Journal of Physics , 

pp. 2!?V-9 

2* Feynman, Lectures on Physics , 

"* pp, 7-1 to 7-3 



GATHERING THE DATA: 



1. Using cord and ball point pen draw large ellipse. 

a) tape paper to board. 

b) fasten 36" of cord length between foci and 
test to see that length selected wi ll make 
30" X 36" ellipse. 

c) draw ellipse. 

2, Locate points A, B, and C using 

notched ruler. 

3* Draw tangent to ellipse at point A as follows: 

■(d) 





(4.911 90^ 90.^ 



c) adjust mirrox' 

against pin until the 
image of F^A appears 

to make a straight line 
extensi.on of F^A. 




a) place pin at point A. 

b) pull string tautly over 
points F^, A, and F^. 

d) draw tangent line along mirrors 
edge. 

e) repeat for points B and C- 



4, a) Select point C (for convenience approx. 3)^" away from C) to which 

satellite moves from C in arbitrary time t. (Assume motion clockv/ise) 
b) Draw line from through C to tangent. 

:( "v.,t) 

(vector C"C directed tov/ard focus F^) 

C"C* = 1 ^t^ (C"C is the' distance' satellite 
? must fall toward focus~center 





c) Adjust metal bars from 
F^ to C & to C and 



of earth— in time t in order 
to stay in elliptic orbit) 



fill area enclosed by bars and CC portion of ellipse with 
1/16" pellets — tilt board facilitating manipulation of 
pellets). ^ 

5* Using Kepler's 2nd Law: 

a) Determine corresponding points B' 8e B" for B by placing one metal bar 
along Fj^B and the other such that the area enclosed by the two bars 

and the BB’ portion of the ellipse accurately accommodates the same 
number of pellets used in step 

V 



b) Draw vectors "v^t and 1 



6* Repeat step £ or points A’ and A" and vectors v.t and 1 a. t^ 

A ^ A 

SUIWITION; 



1. 'Verify that: 



—since t;;.= ' for each, these vectors 
— ^ 

4 and a , 



n .1.2 ^ *1 A. 2 ^ n 1 2 

^ < I 

are proportional to accelerations; 

C A 

2, Using Newton's 2nd Lav/, show that these vectors are also proportional to the 
Corresponding gravitational forces at points A, B, and C. 

Thus force C < force B < force A 

3* According to experimental data, since the distance from focus F, to C is 
double that to B and triple that to A: 

a) V/hat effect does distance have on the gravitational forces? 

b) Generalize, 
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APPLIED PHYSICS LABOMTORY 




"...the tJieory of eccentrics and epicycles is considered as es- 
tablished, because thereby the sensible appearances of celestial move- 
meats can be explained... "(yet) the phenomena'of celestial bodies may 
pex'haps be saved in some other w).y not yet Icnown to man." 

Thomas Aquinas 



"The popular belief that Copernicus' heliocentric system consti- 
tutes a significant simplification of the Ptolemaic system is obviously 
wrong. ...the Copernican models themselves require about twice as many 
circles as the Ptolemaic models and are far less elegant and 
adaptable." Otto Neugebauer 



PROBLEM; To locate satellites in space 



APPARATUS; 



REFERENCES; 



Range finder- 
Satellites 



Meter stick & slotted card 
Graph paper & level 



1. Thomas, Calculus and Analytic 
Geometry, pp. 603- b 



GATHERING THE DATA; 



1 . 



Determine range of satellite j^<!l. 

a) v;ith vertical swivel set at aero, set lower sight- 
ing tube level eind against stop, 

b) tape graph paper in place, parallel to lower 
sighting tube 8c with reference line set 25cm 
.from pivot. 

c) keeping lower sighting tube against stop, adjust, 
vertical and horizontal swivels until satellite i^/1 
is accurately centered, in the lower sighting tube. 



H — 25 cm — H 




d) lock both swivels in place and then adjust upper sighting tube on 



satellite #1. 

• e) calculate distance to satellite #1; 

( 25)2 



R ~ 



25-a 



f) ropea 



4 «» ^ ^ 






CVS steps for satellites #2 8e 



2. Determine the diameter of satellite #1; 

a) with meter stick aimed at satellite, 

adjust L until satellite just fills 
slot height— top to bottom. . 

b) calculate satellite diameter d s-^3- 

1# 







o) repeat for satellites #2 8e #5. 



eye 







3. Determine the distances between the satellites. 

a) keeping lovfer sighting tube against stop, adjust vertical and horizontal 
sv/ivels until satellite #1 is sighted by lower tube. 

Record; horizontal swivel angle 6- 
vertical swivel angle (j> 

b) repeat a for satellites #2 and #3. 

c ) determine the magnitudes of the components of satellite #l's position 
vector OPi = 

1^1 = p.lPl . 1^,1 si. ♦ -1 

- I TuSJ e 



opr- 






Mm 






1 



v qv.xjg aa 



"Tho popular boliof that Copernicus' heliocentric syeteia consti- 
tutes a significant simplification of the Ptolemaic system is obviously 
v/rong. ...the Copernican models themselves require about twice as many 
circles as the Ptolemaic models and are far less elegant and 
adaptable." Otto Neugebauer 



PROBLEM: To locate satellites in space 



APPARATUS : 

Range finder' 
Satellites 



Metei’ stick & slotted card 
Graph paper & ].ovel 



REFERENCES : 

1. Thomas, Calculus and Analytic 
Geometry , ppi '6 03- 8 



GATHERING THE DATA: 



— 2^cm — M 



T 

25 cm 






I 



1. Determine range of satellite #1. 

a) v/ith vei'tical swivel set at zero, set lower sight-, 
ing tube level and against stop. 

b) tape graph paper in place, parallel to lower 
sighting tube & with reference line set 25cm 
.from pivot, 

c) keeping lower sighting tube against stop, adjust, 
vertical and horizontal swivels until satellite ;{^1 
is accurately centered in. the lower sighting tube. 

d) lock both swivels in place and then adjust uppe;r sighting tube on 
satellite 






£ 



,jcriL 



e) calculate distance to satellite #1: 



R = 



(25)2 

25~a 



f) repeat above steps for satellites #2 & 

2. Determine the diameter of satellite j^^l: 
a) with meter stick aimed at satellite, 
adjust L until satellite just fills 
slot height— top to bottom. 



eye' 











b) calculate satellite diameter d =- 

c) repeat for satellites #2 & #3. 

Determine the distances between the satellites. 

a) keeping lovier sighting tube against stop, adjust vertical and horizontal 
sv/ivels until satellite #1 is sighted by lower tube. 

Record: horizontal swivel angle 0 

vertical swivel angle ({> 

b) repeat a for satellites #2 and 

c) determine the magnitudes of the components of satellite #l's position 
vector OPi 



+z 



1^1 = P'l^l = |0Pl| ^ 

OP’i =s I OPi.j cos ({>• 

jy^l = OP'ji^ cos •©• s joPj^l cos 4> cos -fr 
jx^l = OP* 3^ sin -6- = lOP^^j cos 0 sin 6- 
d) repeat £ for positi on, v^e ctors OP2 & OP^ 



e) determine distance j P1P2I between satellites and #2. 




OPi +'PiP2 = OP2 —> P1P2 = OP2 - OPx 

or IP1P2I = J (x2-Xi)2+(y2-yi).2+(z2-Zi)2 

(obey rules for signed valneaLr^ 
f) repeat e for satellites ;^^1 8s #3 ^l^^l’^l’ 

and #2 & #3. 



SUMMATION: 







jz^-zj^l 

172-^11 



+x 



1, Completely determine the position vectors of satellites #2 and with 
respect to satellite ^1, 
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"♦..the science of flight, or aerodynamics has grown out of the 
older science of hydrodynamics; both deal v/ith the special properties 
of_.a fluid, v/hether v/atoi'” or air; ... How the' fish or dolphin sv/ims 
and how the bird flies, are up to a certain point analogous problems; 
and s t r e ain~ l inin g plays an essential part in both ... the bird is 
much heavier than air, and the fish has much the same density as 
ivater, so that the problem of keeping afloat or aloft is negligible 
in the one and all important in the other." 

D‘Arcy Wentworth Thompson 



PROBLEM ; To experimentally relate shape, drag, and wind velocity. 
APPARATUS; REFERENCES: 



Squeeze bottle 
Level 



Wind generator 
Pitot tube 
Img— > 50 gm set 

Harris Lift & Drag Balance 
Manometer & calibrated meter stick 



1. Rogers., Physics, for the Inquiring 
Mind , pp . ~155-7 T 

165-7 



GATXIERING TKE DATA; 



l« Set up manometer for measuring wind speed. 

a) Level manometer. b) Add additional 2" of blocks 

under one end. 



fzL 






1-=^ 



-Ji. 



I" 



^use paper shims to level 
(keep pressed against angle supports) 




pitot 

iub.e 



c) Carefully half fill manometer 
with water— avoid air bubbles. 



2* a) Measure air speeds of 5cm nozzle 
for speed settings #1,2,3,^,& 5* 
—place pitot tube at center of 
nozzle & 5cm in front of it. 
b) Repeat for 10cm nozzle— record 
in table. 



Nozzle 


Speed 


Air speed (ft/sec) 


5 cm 


1 










5 cm 5 





3. Set up Harris Balance for measuring drag (see mfg. instructions). 



b) v/ith cup in place, 
adjust screw wts. 
until pointer rests 
at- zero 

c) operate generator at 
#1 8e add vfts.to pan 
until pointer is 
restored to position 
of balance 




a) mount cup at center of 
5cm nozzle with support- 
ing rod 5cm from nozzle 
face. 



(keep cord horizontal) 






4* Repeat step j^3 for other figures— with wind generator off, adjust screw wts. 
for balance for each figure before testing. 



# 


Wind speed 
(ft/sec) 


D 




■0 




O 


G> 


1 




gm 


gm 


gm 


gm 


gm 


m 


1 




- 


-1 










5 




gm 


m 


e»_. 


CTl 


_gml goL. 



O 

RIC 



5» Plot graphs: 



draf2- 



(use colors to differentiate figures) 



ERIC 

ysBiSfiim 



xn Doth • the bix^ci ±s 

much heavier than air, and the fish has much the same density as 
\vater, so that the problem of keeping afloat ox' aloft is negligible 
in the one and all important in the other.'* 

D'Aroy Wentworth Thompson 
PROBLEM t To experimentally relate shape, drag, and wind velocity. 
APPARATUS; REFERENCES: 



Squeeze bottle 
Level 



1. Rogers., Physics for the Inquirin g 
Mind, pp. 15"6”-7 
165-7 



Wind generator 
Pitot tube 

Img— >50s® 

Harris Lift & Drag Balance 
Manometei* & calibrated meter stick 

GATHERING TUB DATA ; 

1. Set up manometer for measuring wind speed. 

a) Level manometer. b) Add additional 2" of blocks 

under one end . 



cH 



j— 









Id 






•use paper shims to level 



T 




(Iceep pressed against angle supports) 

2* a) Measure air speeds of 5cm nozzle 
for speed settings #1,2,3,^,& 5* 
—place pitot tube at center of 
nozzle & 5cm in front of it. 
b) Repeat for 10cm nozzle — record 
in table. 



pitot 
tjub.e 

c) Carefully half fill jnanometer 
with water— avoid air bubbles. 



Nozzle 


Speed 


Air speed (ft/sec) 


5 cm 


1 





5 cm t 5 



5* Set up Harris Balance for measuring drag (see mfg, instructions).. 



b) with cup in place, 
adjust screw wts. 
until pointer rests 
at - zero 

c) operate generator at 
1^1 & add v/ts.to pan 
until pointer is 
restored to position 
of balan.ee 




a) mount cu-p at center of 
5cm nozzle with support~ 
ing rod 5cm from nozzle 
face . 



■(kee'p cord horizontal) 



Repeat step for other f iguies-- wit.i v/ind generator off, adjust screw wts. 
for balance for each figure before testing. 



# 


Wind speed 
(ft/sec) 


D 




■o 


o 


a 


d> 


1 




gm 


gm 


gm 


gm 


m 


Kin 






^ I 




I 








5 




gm 


gm 


gm 


m 


^ __gm 1 


1 god 



5* Plot graphs: 

• drag 

• ^era) 

air speed (ft/sec) 

6. Repeat steps ^3, 4, and 5 for lOcm. nozzle. 
SUMI-IATION ; 

1. Quantitatively compare the measured drags, 

2. Which figure has the least drag? Explain. 

3* In general, how does drag vary with air speed? 



(use colors to differentiate figures) 
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'•A bird it: an instrument working according to mathomatical law, 
which instrument it is v«riihln the capacity of man to reproduce with 
all its movements," 

Leonardo DaVinci 



PR OBLE M; To experimentally relate lift, angle of attack, and relative 

wind speed. To measure tht' absolute px'essure at points oji top of 
an airfoil. 



APPARATUS; 



Squeeze bottle 
Level 
Barometer 
Harris Lift and Drag Balance 
Manometer & calibrated meter sticks 



Wind gene rat oi* 
Pitot tube 
lmg-50gm set 



REFERENCES : 

1. Rogers, Physics for the Inquiring 



Mind , 



P. 






2. Halliday & Resnick, Physics , 

. . pp.' 580-1 

White, Modern College Physics , 

pp^’ S05-'6' 



GATHERING THE DATA : 

1. Measure air speeds for l8cm. nozzle. 

a) Set manometer for rise/40" length. 

b) Place pitot tube at center of nozzle and 5cm. in front of it. 

c) Record measurements in table. 



wind 

generator 




2. Measure lift using Harris Balance— see mfg. instructions. 

a) mount air foil on Harris balance — at 
center of l8cm. nozzle and -5cm. in front 
of it. 

c) level bottom surface of wing and set air 
foil shaft pointer for zero angle reading. 

d) operate wind generator at speed #1 and 
add wts. in pan until balance is restored. 

e) repeat for speeds #2,3,4,& 5» 

— record data in table. 



> 1 



i=a= 

b) adjust i| 
sliding wts. ‘ 
for zero 
reading* 



A 




3. Repeat step #2 for angle of attack =2,4,6, 



if- V/ind speed( ft/sec) 


0" 


2 ^' 


4 " 








20® 1 


1 


gra 


gm 


gm 








, „ ^ 1 


. 


















■~ZITg^ 


m 


■ Km 








pa. 



4. Plot graph; 



lift 

(gm) 



(use colors to differentiate speeds) 



angle of attack 



5. Measure absolute pressures atop airfoil. 

a) set airfoil at center of l8cm nozzle & 
5cm in front of it at 0 angle of attack. 

b) connect manometer to hole A & measure 
absolute pressui'e using caliLrated meter 
stick. 

c) repeat jb for 5 '’, lO"^, .... 

.^5cmf4 L repeat ^ & c_ for holes B, C, D, and E. 



ERIC 






v/ind speed( ft/sec) 


0° 


5 " 


10® 


- 


etc. 


1 




psi 


psi 


psd 




psi 



A 



PROBLEM: To experimentally relate lift, angle of attack, and relative 

wind speed. To raeasuxsthc absolute pressure at points on top of 
an airfoil. 



APPARATUS*. 



Squeeze bottle 
Level 
Barometer 
Harris Lift and Drag Balance 
Manometer & Calibrated meter sticks 



Wind generator 
Pitot tubs 
lrag-50gm set 



REFERENCES ; 

1. Rogers, Physics for the Inquiring 

Mind , p. 165 

2. Halliday & Resnick, Physics , 

. . p p. 5 

5* White, Modern College Physics , 

^ pp,' '205'-"6'’ 



GATHERING THE DATA : 

1, Measure air speeds for l8cm. nozzle. 

a) Set manometer for 2" rise/40'’ length. 

b) Place pitot tube at center of nozzle and 5cm, in front of it, 

c) Recox’d measurements ^.n table. 



2, Measure lift using Harris Balance— see mfg. instructions. 

a) mount axr foil on Harris balance — at 
center of l8cm. nozzle and ^cm. in front 
of it. 

c) level bottom surface of ring and set air 
foil shaft pointer for zero angle reading. 

d) operate wind generator at speed #1 and 
add wts. in pan until balance is restored. 

e) repeat for speeds #2,5,4,& 5» 

—record data in table. 



sliding wts 
for zero 
reading 




wind 

generator 



b) adjust Tf 



3. Repeat step for angle of attack =f 2°, 4,6 



■ft- 


Wind speedC ft/sec) 


0° 


2" 


4^ 




20® 


1 




gra 


gra 


gm 




gm 








— ^ 









gm 



-SSL. 






..SS, 



4, Plot graph: 



lift 

(gm) 



(use colors to differentiate speeds) 



angle of attack 



5« Measure absolute pressures atop airfoil. 

a) set airfoil at center of l8cm nozzle & 
5cm in front of it at 0° angle of attack. 

b) connect manometer to hole A & measure 
absolute pressure using calibrated meter 
stick. 




^ 5CIfl fr 




o) repeat ^ for 5 » 10' » 

d) repeat b 8e c for holes B, C, D, and E. 



SUM^^TI0N ; ' 

'X,'’a)'’At v/Hich angle of attack and windspeed is lift maximum? 
b) VVhat happens when this angle of attack is exceeded? 
cX How does lift vary with relative wind speed? 

2, Compare results with those gathered from the venturi tube. Explain lift. 

3. Explain how calibrated meter sticks and manometer yield speed and 

pressure data. 



O 
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V/ind speed( ft/sec) 


0° 


5'’ 


10® 





etc. j 


1 






psi 


PS3, 




. ps4 


















-_Sj 




1 


1 ■ ■ 'EsiJ 




psi 



memn 
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APPLIED PHYEXCS LABOWTOKY 



’’Although this may seem a pai'adox, all exact science is 

dominated by the idea of approximation.” „ j ^ •r^ n 

_ . Bertrand Russell 



PROBLEM ; To measure resistance with an ohmraeter, interpret the resistor 
color code and become familiar with tolei'ances. 

REFEREI^fCBS : 



Weston ohiiuneter 
Circuit board 
Master resistances template 
Jeweler’s screwdriver crayons 
Resistor arrays A,B,& C 



multitester 1. PhilcOt Basic Concepts Vol. I, 
battery tester pp. 40-42 

52-54 

2e Gerrish, Electricity & Electronics, 
“ - pTl^ 

3« USN Aviation Electricia n’s Mate, 

. pp. • 

■ 15-6,7 



GATHERING THE DATA: 



1* a) Zero the Weston ohmmeter and check it for accuracy against the masters, 
. b) Using Weston ohmmeter, measure the resistors on circuit board #8, list 
in table, and select appropriate color code. 



Resistor 


Ohms 


Color Code 




Rll 




-iTiirlf^ h 


— ^use 
use 








^ \ 




R52 




-iffiinzi- 


- R53 







2. Zero multitester and measure resistors on Array A. 

(it will be necessary to select the proper range in checking each 
resistor, making sure that the reading occurs on the dial section 
leading to greatest accuracy--zero meter frequently) 

3* Repeat for array B. 



Resistor 


Ohms 


Color Code 


A1 




~l fill IT 1- 


A2 




-nniir— 1- 






;4; Deter]mine "resistor SigiSs 'by cbidr code V'^cKec^^ 
•calculate the difference. . 



• Resistor 


Given Colors 


R (color) 

C ; ■ - ■ 


R (meter) 
m 


1 

11 


% diff. = 


Cl 


-nnriT -i- 










C2 


-mnr-’ 1- 











APPAMTli; 



REFERENCES : 











Weston ohnuneter multitester !• Philco, Basic Concepts Vol. X ) 

Circuit board f/b battery tester ■ pp» 4o-*42 

Waster re.sistances template 52**5^ 

Jeweler’s screwdriver crayons 2» Gerriehi, Electricity S; Electronics , 

Resistor arrays A,B,& 0 p. ^6'6 

3. USN Aviation Electrician* 6 Mate, 

pp..'(>^’^ 

. 15-6,7 

GATHERING THE DATA ; ’ ' . • 

1* a) Zero the Weston ohmmeter and check it for accuracy against the masters, 
b) Using V/eston ohmmeter, measure the resistors on circxiit board list 
in table, and select appropriate color code. 



Resistor 


Ohms 


Color Code 


f . • 


Rli 




•iiiJLiLrn- 


< use template to draw resistors 

use crayons to color 









R52' 




--irazzi- 


R55 




■iJl,li,!L ' -1“ 



2. Zero multitester and measure resistors on Array A. 

(it will be necessary to select the proper range in checking each 
resistor, making sure that the reading occurs on the dial section 
leading to greatest accuracy— zero meter frequently) 

f . ' ■ • • 

3* Repeat for array B. ■ 



Resistor 


Ohms 


Color Code 


Al , 1 




-riliUJ r- 


A2 




Hinr-1- 


^ ^ 






r ^^5 1 




•HiDnrn- 1 



k. Determine resistor sizes by color code check against meter, and' 
•calculate the difference. 



• Resistor 


Given Colors 


R (color) 
c 


R (meter) 
m 


R , = R - R 
d c m 


% diff. = R^R 

Q C 


Cl 


-CTDiJl h- 










C2 


























r .^-—1 










C15 


1 41MI 1- 








- ' j 



SUMMATION ; 

1. List the steps and precautions that must be observed in using an ohmmeter. 



2. Why is it not sufficient to just zero an ohmmeter? 

3* V/hat supplies electricity, for the ohmmeter? 

In what respect does an ohrameter's scale differ from that of a typical 
. electrical meter? 

5» Which • pai't of an ohmmeter ’s , scale is most easily read? Why? 

6. How can you tell when an ohmmeter needs a 

..,.,-7-. .-Care4iilly<v:dpsn ■ the ; b^ack 'of-- 

1 volt bulb, observe bris-A^ness, and' replace observing polar. ‘.bs V/ba.i; v ' 

does .brightnec;>__iiiAicrate?, 

6. Check circuit board rheostat for max. & min. ■ resistance* Record . i r. . , 

- Ccvtogorize the resistors on array C according to f 10?^, •- 9’^ ft , I 

tolerances. "" - ■ 
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APPLIED PHYSICS LABOPViTORY 



"Genius is one percent inspiration and ninety-nine percent 
perspiration." 

- Thomas A. Edison 




PROBLEM ; To hook-up series, parallel,’ and series-parallel circuits. To 
measure and to calculate resistance in electi'ical circuits. 



APPARATUS ; 

Weston Ohmmeter 
Circuit Board #1 
350 clip leads 

100 & 200 ohm mastei' resistances 



GATHERING THE DATA: 



REFERENCES ; 

1. Philco, Basic Concepts V ol. I , 

pp, 

2. USN Aviation Elec. Mate's Manual 

PP* ^”*3 

3. Taffel, V isualized Physics, pp.257~60 



1. Zero meter. Check meter accuracy against master resistances.. 

(Repeat frequently! ) 

2. VVire the following circuits. Measure the individual and total resistances. 

Record readings on sketches. 

R51 R^l R51 



VVV- 



@ R22 
•=— ^A/V 



'V\A 1 


Y 

.© 


VW 1 


^ VVV— 


^\/\A 


/-A R^3<> 

®R51 t 


R52> 

R53 f 

-Wv ' 


_ ® 


R52. 


— v\/v— - 




-^Wv 


-wv~ ' 



Check individual resistances & resistances' between letters before comp3.eting 
wiring. 



Rll 
-AA/V' 

R21 

(I — '\/\/\i — ' 



I 



Rll 

-WV- 

R21 



R31 

-'VVV- 

-II® 



;R22 



R23 



Rll 

A/VWn 
R21 

-'VVv — ‘ 
R31 
>~AVv 
Rkl 

' — I 

4 ©- 

Rll 



R12 
— \AA/- 

R52 

■w\/\ 



r4i 

-AAA, — 
R51 

'VVV" 






Rll 

a - VvV- 



c >■ 



e 



R12 



R21 



R22 

-Wv- 



R31 R52 

i-AAA vVV' 

If 



Ell R12 
rVW- VW“' 



d c 
f e 



E22 
-W\Hd 



-I 



E21 
-'VW- 

R31 

R^a © R/l-2 

— •'^v'Vv W 



R32 

AA/v- 







-A/'s/Vg" 


a 


— A/\/V' 


i' • 
.?■ 




R32 ® r33 




R21 


i • ■ . 

; . 


'i 


wvv— r-A^V'^ 




-^WV' 






■ R^2 , 




R31 


y- . . ■ • 






' © 


^VVv 


-U-.-.©. ■ !■ 


• 1 


pr-;-"’- - 


— 


■*r *3 f ' 



R12 

-'W\r 



R13 ^ 

-^V\A/-ib 



R22 

-Wv- 






E32 

-vw 



■A/\AHd 

R33 
-wv- 



Rll 

a ■— AAA^ 



R12 

-VW 



R13 

AAA/- 



P21 R22 K3 

C f-Vv/v — VW- AAA/- 

E53 



R51 

-VW 



R52 

-'Wv- 



4 



0 



b 


V'W — 


d . ' 






R51 


f 


h-AA/V"— ^ 




- 



R^3 • 




Rll 




-AAAr 


b 


— ^\AA/“ 


£_ 


’ ■ . ' ( 








W 




-'\/V\^- 

R21 









E13 

t— AAA/- 






1-AA^V 

R23 . 




Pv33 „ 



R32 

rvw-s 



R12 




^A/V- -Vv-^ 

S) R51. R52 R53 



SUMMATION: 



ERIC 



1. V/hat general rule regarding series resistance ■ has experiment revealed? 



2. Apply RT s ^ tp circuits B, F, G and to branches of circuits J, K, M. 



